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Chromatin	 ﾠstructure	 ﾠis	 ﾠcrucial	 ﾠto	 ﾠregulate	 ﾠaccess	 ﾠto	 ﾠthe	 ﾠgenome	 ﾠfor	 ﾠprocesses	 ﾠsuch	 ﾠ
as	 ﾠtranscription,	 ﾠrecombination,	 ﾠDNA	 ﾠrepair,	 ﾠand	 ﾠDNA	 ﾠreplication.	 ﾠ	 ﾠSpt6,	 ﾠa	 ﾠkey	 ﾠfactor	 ﾠ
involved	 ﾠin	 ﾠregulating	 ﾠchromatin	 ﾠstructure,	 ﾠis	 ﾠconserved	 ﾠthroughout	 ﾠeukaryotes.	 ﾠ	 ﾠSpt6	 ﾠhas	 ﾠ
been	 ﾠshown	 ﾠto	 ﾠfunction	 ﾠin	 ﾠmany	 ﾠaspects	 ﾠof	 ﾠgene	 ﾠexpression,	 ﾠincluding	 ﾠnucleosome	 ﾠ
assembly,	 ﾠtranscription	 ﾠinitiation	 ﾠand	 ﾠelongation,	 ﾠand	 ﾠmRNA	 ﾠprocessing	 ﾠand	 ﾠexport.	 ﾠ	 ﾠIn	 ﾠ
addition,	 ﾠSpt6	 ﾠhas	 ﾠseveral	 ﾠconserved	 ﾠdomains;	 ﾠhowever,	 ﾠlittle	 ﾠis	 ﾠknown	 ﾠabout	 ﾠtheir	 ﾠ
functions.	 ﾠ	 ﾠI	 ﾠhave	 ﾠperformed	 ﾠa	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠusing	 ﾠthree	 ﾠseparate	 ﾠ
approaches.	 ﾠ	 ﾠFirst,	 ﾠI	 ﾠemployed	 ﾠa	 ﾠrandom	 ﾠinsertion	 ﾠmutagenesis	 ﾠthat	 ﾠhas	 ﾠidentified	 ﾠsixty-ﾭ‐
seven	 ﾠmutants.	 ﾠ	 ﾠWhile	 ﾠthese	 ﾠmutants	 ﾠdid	 ﾠnot	 ﾠprovide	 ﾠinformation	 ﾠregarding	 ﾠknown	 ﾠ
domains,	 ﾠsome	 ﾠhave	 ﾠphenotypes	 ﾠthat	 ﾠmay	 ﾠprove	 ﾠuseful	 ﾠfor	 ﾠfuture	 ﾠstudy.	 ﾠ	 ﾠSecond,	 ﾠin	 ﾠa	 ﾠ
collaborative	 ﾠproject	 ﾠwith	 ﾠthe	 ﾠRomier	 ﾠlab,	 ﾠI	 ﾠstudied	 ﾠthe	 ﾠfunctional	 ﾠroles	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠSH2	 ﾠ
domains.	 ﾠ	 ﾠI	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠregion	 ﾠof	 ﾠSPT6	 ﾠencoding	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠ
causes	 ﾠsevere	 ﾠmutant	 ﾠphenotypes	 ﾠwithout	 ﾠaffecting	 ﾠSpt6	 ﾠprotein	 ﾠlevels,	 ﾠdemonstrating	 ﾠthe	 ﾠ
importance	 ﾠof	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThird,	 ﾠin	 ﾠan	 ﾠadditional	 ﾠcollaboration	 ﾠwith	 ﾠthe	 ﾠ
Romier	 ﾠlab,	 ﾠI	 ﾠshowed	 ﾠthat	 ﾠmutations	 ﾠthat	 ﾠalter	 ﾠthe	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠthat	 ﾠinteracts	 ﾠwith	 ﾠthe	 ﾠ
conserved	 ﾠtranscription	 ﾠfactor	 ﾠSpn1	 ﾠimpair	 ﾠSpt6	 ﾠfunctions	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠOverall,	 ﾠthis	 ﾠmulti-ﾭ‐
pronged	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠhas	 ﾠprovided	 ﾠnew	 ﾠinsights	 ﾠinto	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠ	 ﾠ iv	 ﾠ
domains	 ﾠof	 ﾠSpt6,	 ﾠthe	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteraction,	 ﾠand	 ﾠthe	 ﾠuses	 ﾠand	 ﾠlimitations	 ﾠof	 ﾠinsertion	 ﾠ
mutagenesis.	 ﾠ
In	 ﾠaddition,	 ﾠI	 ﾠhave	 ﾠattempted	 ﾠto	 ﾠexplore	 ﾠa	 ﾠpossible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐
associated	 ﾠmutagenesis.	 ﾠ	 ﾠAfter	 ﾠemploying	 ﾠseveral	 ﾠtypes	 ﾠof	 ﾠin	 ﾠvivo	 ﾠassays,	 ﾠI	 ﾠconclude	 ﾠthat	 ﾠa	 ﾠ
possible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠis	 ﾠuncertain,	 ﾠas	 ﾠthe	 ﾠresults	 ﾠ
(with	 ﾠrespect	 ﾠto	 ﾠa	 ﾠrole	 ﾠfor	 ﾠSpt6)	 ﾠreproducibly	 ﾠvary	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠassay	 ﾠused.	 ﾠ	 ﾠThus,	 ﾠ
understanding	 ﾠthis	 ﾠaspect	 ﾠof	 ﾠSpt6	 ﾠbiology	 ﾠawaits	 ﾠbetter	 ﾠassays	 ﾠand	 ﾠunderstanding	 ﾠof	 ﾠ
transcription-ﾭ‐associated	 ﾠmutagenesis.	 ﾠ	 ﾠOverall,	 ﾠthe	 ﾠwork	 ﾠin	 ﾠthis	 ﾠdissertation	 ﾠwill	 ﾠserve	 ﾠto	 ﾠ
further	 ﾠelucidate	 ﾠthe	 ﾠmechanisms	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠchromatin	 ﾠregulation,	 ﾠtranscription,	 ﾠand	 ﾠDNA	 ﾠ
damage	 ﾠrepair.	 ﾠ	 ﾠ v	 ﾠ
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I.  Chromatin	 ﾠand	 ﾠTranscription:	 ﾠA	 ﾠBrief	 ﾠSummary	 ﾠ
	 ﾠ
All	 ﾠeukaryotic	 ﾠorganisms	 ﾠface	 ﾠthe	 ﾠchallenge	 ﾠof	 ﾠcompacting	 ﾠtheir	 ﾠlengthy	 ﾠgenomes	 ﾠ
within	 ﾠa	 ﾠmicroscopic	 ﾠnucleus.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠhuman	 ﾠgenome	 ﾠis	 ﾠapproximately	 ﾠtwo	 ﾠ
meters	 ﾠin	 ﾠlength	 ﾠwhen	 ﾠstretched	 ﾠout	 ﾠend-ﾭ‐to-ﾭ‐end;	 ﾠyet	 ﾠthis	 ﾠmust	 ﾠfit	 ﾠinto	 ﾠa	 ﾠhuman	 ﾠnucleus	 ﾠ6	 ﾠ
μm	 ﾠin	 ﾠdiameter	 ﾠ(Campbell	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠThis	 ﾠis	 ﾠgeometrically	 ﾠequivalent	 ﾠto	 ﾠpacking	 ﾠ24	 ﾠ
miles	 ﾠof	 ﾠextremely	 ﾠfine	 ﾠthread	 ﾠinto	 ﾠa	 ﾠtennis	 ﾠball	 ﾠ(M.	 ﾠMurawska,	 ﾠunpublished	 ﾠcalculation).	 ﾠ	 ﾠ
Furthermore,	 ﾠthis	 ﾠcompaction	 ﾠmust	 ﾠbe	 ﾠaccomplished	 ﾠin	 ﾠan	 ﾠorganized	 ﾠfashion	 ﾠto	 ﾠallow	 ﾠ
normal	 ﾠchromosomal	 ﾠprocesses,	 ﾠsuch	 ﾠas	 ﾠreplication,	 ﾠtranscription,	 ﾠand	 ﾠsegregation	 ﾠto	 ﾠ
occur.	 ﾠ	 ﾠTo	 ﾠhelp	 ﾠto	 ﾠaccomplish	 ﾠthis	 ﾠfeat,	 ﾠeukaryotic	 ﾠorganisms	 ﾠemploy	 ﾠnucleosomes,	 ﾠeach	 ﾠ
composed	 ﾠof	 ﾠ147	 ﾠbase	 ﾠpairs	 ﾠ(bp)	 ﾠof	 ﾠDNA	 ﾠwrapped	 ﾠaround	 ﾠa	 ﾠhistone	 ﾠprotein	 ﾠoctamer	 ﾠ
containing	 ﾠtwo	 ﾠcopies	 ﾠeach	 ﾠof	 ﾠhistones	 ﾠH2A,	 ﾠH2B,	 ﾠH3,	 ﾠand	 ﾠH4	 ﾠ(Lee	 ﾠand	 ﾠWorkman,	 ﾠ2007;	 ﾠ
Reinberg	 ﾠand	 ﾠSims,	 ﾠ2006;	 ﾠSvejstrup,	 ﾠ2003).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠtranscription,	 ﾠhowever,	 ﾠa	 ﾠ
dilemma	 ﾠarises:	 ﾠhow	 ﾠcan	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠ(RNAPII)	 ﾠtraverse	 ﾠthe	 ﾠobstacle	 ﾠcourse	 ﾠof	 ﾠ
nucleosomes?	 ﾠ	 ﾠHere	 ﾠI	 ﾠprovide	 ﾠan	 ﾠoverview	 ﾠof	 ﾠtranscription	 ﾠand	 ﾠchromatin	 ﾠas	 ﾠa	 ﾠbackdrop	 ﾠto	 ﾠ
understand	 ﾠSpt6,	 ﾠthe	 ﾠhistone	 ﾠchaperone	 ﾠthat	 ﾠis	 ﾠthe	 ﾠfocus	 ﾠof	 ﾠthis	 ﾠdissertation.	 ﾠ
Many	 ﾠkey	 ﾠadvances	 ﾠin	 ﾠunderstanding	 ﾠtranscription	 ﾠand	 ﾠchromatin	 ﾠhave	 ﾠbeen	 ﾠmade	 ﾠ
in	 ﾠthe	 ﾠbudding	 ﾠyeast	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠso	 ﾠthis	 ﾠsection	 ﾠdeals	 ﾠprimarily	 ﾠwith	 ﾠyeast	 ﾠ
gene	 ﾠexpression	 ﾠ(Hahn	 ﾠand	 ﾠYoung,	 ﾠ2011).	 ﾠ	 ﾠHowever,	 ﾠthese	 ﾠprocesses	 ﾠare	 ﾠhighly	 ﾠconserved	 ﾠ
throughout	 ﾠeukaryotes	 ﾠso	 ﾠthe	 ﾠtranscription	 ﾠand	 ﾠchromatin	 ﾠprocesses	 ﾠdescribed	 ﾠin	 ﾠthis	 ﾠ
section	 ﾠare	 ﾠtypical	 ﾠfor	 ﾠwhat	 ﾠis	 ﾠfound	 ﾠin	 ﾠmost	 ﾠeukaryotes	 ﾠ(Botstein	 ﾠand	 ﾠFink,	 ﾠ2011;	 ﾠRando	 ﾠ
and	 ﾠWinston,	 ﾠ2012).	 ﾠ
	 ﾠ	 ﾠ 3	 ﾠ
Transcription	 ﾠOverview	 ﾠ
In	 ﾠbudding	 ﾠyeast,	 ﾠthe	 ﾠtranscription	 ﾠinitiation	 ﾠprocess	 ﾠbegins	 ﾠat	 ﾠthe	 ﾠpromoter	 ﾠ
sequence,	 ﾠwhich	 ﾠis	 ﾠgenerally	 ﾠlocated	 ﾠin	 ﾠa	 ﾠnucleosome-ﾭ‐free	 ﾠregion	 ﾠ(Albert	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠHahn	 ﾠ
and	 ﾠYoung,	 ﾠ2011;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠKent	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠLee	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠMavrich	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠ
Yuan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠNucleosome-ﾭ‐free	 ﾠregions	 ﾠare	 ﾠhypothesized	 ﾠto	 ﾠallow	 ﾠunimpeded	 ﾠ
transcription	 ﾠfactor	 ﾠaccess	 ﾠand	 ﾠare	 ﾠflanked	 ﾠdownstream	 ﾠby	 ﾠa	 ﾠstrongly	 ﾠpositioned	 ﾠ+1	 ﾠ
nucleosome	 ﾠ(Albert	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠHahn	 ﾠand	 ﾠYoung,	 ﾠ2011;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠKent	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠLee	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠMavrich	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠYuan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ
Subsequently,	 ﾠactivators	 ﾠbind	 ﾠand	 ﾠfacilitate	 ﾠbinding	 ﾠof	 ﾠcoactivators	 ﾠsuch	 ﾠas	 ﾠSAGA	 ﾠ
and	 ﾠSwi/Snf	 ﾠ(Hassan	 ﾠet	 ﾠal.,	 ﾠ2001;	 ﾠHassan	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠRando	 ﾠand	 ﾠWinston,	 ﾠ2012;	 ﾠWorkman,	 ﾠ
2006;	 ﾠYudkovsky	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠNearby	 ﾠhistones	 ﾠare	 ﾠacetylated,	 ﾠincreasing	 ﾠnucleosome	 ﾠ
mobility	 ﾠand	 ﾠfacilitating	 ﾠbinding	 ﾠwith	 ﾠbromodomain-ﾭ‐containing	 ﾠproteins	 ﾠsuch	 ﾠas	 ﾠthose	 ﾠ
within	 ﾠSAGA	 ﾠand	 ﾠSwi/Snf	 ﾠ(Dhalluin	 ﾠet	 ﾠal.,	 ﾠ1999;	 ﾠHassan	 ﾠet	 ﾠal.,	 ﾠ2001;	 ﾠHassan	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠ
Rando	 ﾠand	 ﾠWinston,	 ﾠ2012;	 ﾠWorkman,	 ﾠ2006).	 ﾠ	 ﾠA	 ﾠpreinitiation	 ﾠcomplex	 ﾠ(PIC)	 ﾠcontaining	 ﾠ
TATA-ﾭ‐binding	 ﾠprotein	 ﾠ(TBP)	 ﾠand	 ﾠa	 ﾠset	 ﾠof	 ﾠgeneral	 ﾠtranscription	 ﾠfactors	 ﾠincluding	 ﾠTFIIA,	 ﾠ
TFIIB,	 ﾠand	 ﾠTFIIF	 ﾠis	 ﾠformed	 ﾠat	 ﾠthe	 ﾠTATA	 ﾠbox	 ﾠ(Hahn	 ﾠand	 ﾠYoung,	 ﾠ2011;	 ﾠThomas	 ﾠand	 ﾠChiang,	 ﾠ
2006).	 ﾠ	 ﾠTFIIB	 ﾠand	 ﾠTFIIF	 ﾠassist	 ﾠin	 ﾠrecruiting	 ﾠRNAPII	 ﾠto	 ﾠpromoter	 ﾠsequences,	 ﾠas	 ﾠwell	 ﾠas	 ﾠ
facilitating	 ﾠinitiation	 ﾠactivity	 ﾠand	 ﾠstart	 ﾠsite	 ﾠrecognition	 ﾠ(Hahn	 ﾠand	 ﾠYoung,	 ﾠ2011).	 ﾠ	 ﾠAdditional	 ﾠ
factors	 ﾠTFIIE	 ﾠand	 ﾠTFIIH	 ﾠassist	 ﾠwith	 ﾠpromoter	 ﾠDNA	 ﾠstrand	 ﾠseparation	 ﾠand	 ﾠfacilitate	 ﾠthe	 ﾠshift	 ﾠ
to	 ﾠactive	 ﾠtranscription	 ﾠ(Hahn	 ﾠand	 ﾠYoung,	 ﾠ2011).	 ﾠ	 ﾠSubsequently,	 ﾠRNAPII	 ﾠis	 ﾠphosphorylated	 ﾠ
on	 ﾠits	 ﾠC-ﾭ‐terminal	 ﾠdomain	 ﾠ(CTD)	 ﾠat	 ﾠserine-ﾭ‐5	 ﾠ(S5p)	 ﾠand	 ﾠ-ﾭ‐7	 ﾠ(S7p)	 ﾠas	 ﾠtranscription	 ﾠinitiates	 ﾠ
(Hahn	 ﾠand	 ﾠYoung,	 ﾠ2011;	 ﾠWorkman,	 ﾠ2006).	 ﾠ	 ﾠ	 ﾠ	 ﾠ 4	 ﾠ
Next,	 ﾠRNAPII	 ﾠbegins	 ﾠto	 ﾠelongate	 ﾠacross	 ﾠthe	 ﾠopen	 ﾠreading	 ﾠframe	 ﾠ(ORF)	 ﾠof	 ﾠthe	 ﾠgene	 ﾠ
with	 ﾠthe	 ﾠassistance	 ﾠof	 ﾠmany	 ﾠelongation	 ﾠfactors	 ﾠincluding	 ﾠSwi/Snf,	 ﾠRSC,	 ﾠSAGA,	 ﾠand	 ﾠNuA4	 ﾠ
(Carey	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠGinsburg	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠHahn	 ﾠand	 ﾠYoung,	 ﾠ2011;	 ﾠMas	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠRando	 ﾠ
and	 ﾠWinston,	 ﾠ2012;	 ﾠSchwabish	 ﾠand	 ﾠStruhl,	 ﾠ2007;	 ﾠWyce	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠDuring	 ﾠelongation,	 ﾠthe	 ﾠ
RNAPII	 ﾠCTD	 ﾠis	 ﾠphosphorylated	 ﾠat	 ﾠserine-ﾭ‐2	 ﾠ(S2p)	 ﾠand	 ﾠtyrosine-ﾭ‐1	 ﾠ(T1p)	 ﾠ(Hahn	 ﾠand	 ﾠYoung,	 ﾠ
2011;	 ﾠMayer	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠWorkman,	 ﾠ2006).	 ﾠ	 ﾠRNAPII	 ﾠCTD	 ﾠT1p	 ﾠhelps	 ﾠprevent	 ﾠbinding	 ﾠof	 ﾠ
termination	 ﾠfactors	 ﾠsuch	 ﾠas	 ﾠNrd1,	 ﾠPcf11,	 ﾠand	 ﾠRtt103	 ﾠduring	 ﾠtranscription	 ﾠelongation	 ﾠ
(Mayer	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠAt	 ﾠthe	 ﾠpolyadenylation	 ﾠsite	 ﾠat	 ﾠthe	 ﾠend	 ﾠof	 ﾠthe	 ﾠORF,	 ﾠRNAPII	 ﾠCTD	 ﾠT1p	 ﾠ
levels	 ﾠdrop,	 ﾠwhile	 ﾠCTD	 ﾠS2p	 ﾠlevels	 ﾠremain	 ﾠhigh	 ﾠand	 ﾠhelp	 ﾠrecruit	 ﾠfactors	 ﾠinvolved	 ﾠin	 ﾠmRNA	 ﾠ3’-ﾭ‐
end	 ﾠprocessing	 ﾠand	 ﾠtermination	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠAfter	 ﾠsuccessful	 ﾠmRNA	 ﾠsynthesis,	 ﾠ
transcription	 ﾠconcludes	 ﾠwith	 ﾠtermination	 ﾠand	 ﾠdisassociation	 ﾠof	 ﾠRNAPII	 ﾠfrom	 ﾠthe	 ﾠDNA	 ﾠ
template	 ﾠ(Shandilya	 ﾠand	 ﾠRoberts,	 ﾠ2012).	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
Summary	 ﾠof	 ﾠChromatin	 ﾠAlterations	 ﾠduring	 ﾠTranscription	 ﾠ
As	 ﾠone	 ﾠmight	 ﾠimagine,	 ﾠchromatin	 ﾠis	 ﾠaltered	 ﾠsignificantly	 ﾠduring	 ﾠthe	 ﾠprocess	 ﾠof	 ﾠ
transcription.	 ﾠ	 ﾠIn	 ﾠgeneral,	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠtranscription	 ﾠcorrelates	 ﾠwith	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠnucleosome	 ﾠ
loss	 ﾠover	 ﾠpromoters	 ﾠand	 ﾠcoding	 ﾠregions	 ﾠ(Field	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠJiang	 ﾠand	 ﾠPugh,	 ﾠ2009;	 ﾠRadman-ﾭ‐
Livaja	 ﾠand	 ﾠRando,	 ﾠ2010;	 ﾠSchwabish	 ﾠand	 ﾠStruhl,	 ﾠ2007;	 ﾠShivaswamy	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠWeiner	 ﾠet	 ﾠ
al.,	 ﾠ2010;	 ﾠZawadzki	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠNucleosomes	 ﾠare	 ﾠevicted	 ﾠfrom	 ﾠpromoters	 ﾠby	 ﾠboth	 ﾠ
transcription	 ﾠfactors	 ﾠand	 ﾠATP-ﾭ‐dependent	 ﾠremodelers	 ﾠsuch	 ﾠas	 ﾠSwi/Snf	 ﾠand	 ﾠRSC	 ﾠ(Rando	 ﾠand	 ﾠ
Winston,	 ﾠ2012).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠRNAPII	 ﾠpassage	 ﾠitself	 ﾠcan	 ﾠcause	 ﾠchanges	 ﾠin	 ﾠnucleosome	 ﾠ
occupancy	 ﾠand	 ﾠposition	 ﾠ(Weiner	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠInterestingly,	 ﾠRNAPII	 ﾠis	 ﾠcapable	 ﾠof	 ﾠpassing	 ﾠ
through	 ﾠchromatin	 ﾠin	 ﾠvitro	 ﾠwithout	 ﾠdisassociating	 ﾠnucleosomes	 ﾠfrom	 ﾠthe	 ﾠDNA	 ﾠ(Kulaeva	 ﾠet	 ﾠ	 ﾠ 5	 ﾠ
al.,	 ﾠ2009;	 ﾠKulaeva	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠFurther	 ﾠin	 ﾠvitro	 ﾠstudies	 ﾠhave	 ﾠsuggested	 ﾠthat	 ﾠthe	 ﾠfirst	 ﾠround	 ﾠ
of	 ﾠtranscription	 ﾠremoves	 ﾠone	 ﾠH2A/H2B	 ﾠdimer	 ﾠwhile	 ﾠsubsequent	 ﾠrounds	 ﾠof	 ﾠtranscription	 ﾠ
remove	 ﾠthe	 ﾠremaining	 ﾠhistone	 ﾠhexamer	 ﾠ(Chang	 ﾠet	 ﾠal.,	 ﾠ2014;	 ﾠJin	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠKulaeva	 ﾠet	 ﾠal.,	 ﾠ
2009;	 ﾠKulaeva	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠKulaeva	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠOverall,	 ﾠa	 ﾠhigh	 ﾠlevel	 ﾠof	 ﾠRNAPII	 ﾠ
transcription	 ﾠleaves	 ﾠaltered	 ﾠchromatin	 ﾠand	 ﾠevicted	 ﾠnucleosomes	 ﾠin	 ﾠits	 ﾠwake	 ﾠthat	 ﾠmust	 ﾠbe	 ﾠ
reassembled.	 ﾠ
Nucleosome	 ﾠreassembly	 ﾠfollowing	 ﾠtranscription	 ﾠis	 ﾠcrucial	 ﾠfor	 ﾠproper	 ﾠgene	 ﾠ
regulation,	 ﾠcell	 ﾠsurvival,	 ﾠand	 ﾠnormal	 ﾠaging	 ﾠ(Chang	 ﾠet	 ﾠal.,	 ﾠ2014;	 ﾠCheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠFeser	 ﾠet	 ﾠ
al.,	 ﾠ2010;	 ﾠMartens	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠNucleosome	 ﾠreassembly	 ﾠis	 ﾠaccomplished	 ﾠby	 ﾠthe	 ﾠaction	 ﾠof	 ﾠ
histone	 ﾠchaperones,	 ﾠgenerally	 ﾠdefined	 ﾠas	 ﾠfactors	 ﾠthat	 ﾠinteract	 ﾠwith	 ﾠchromatin	 ﾠin	 ﾠvivo,	 ﾠbind	 ﾠ
nucleosomes	 ﾠin	 ﾠvitro,	 ﾠand	 ﾠassist	 ﾠin	 ﾠhistone	 ﾠeviction,	 ﾠexchange,	 ﾠor	 ﾠdeposition	 ﾠ(Rando	 ﾠand	 ﾠ
Winston,	 ﾠ2012).	 ﾠ
One	 ﾠof	 ﾠthe	 ﾠproteins	 ﾠbelieved	 ﾠto	 ﾠbe	 ﾠcrucial	 ﾠfor	 ﾠnucleosome	 ﾠreassembly	 ﾠis	 ﾠSpt6,	 ﾠwhich	 ﾠ
colocalizes	 ﾠwith	 ﾠelongating	 ﾠRNAPII	 ﾠ(Adkins	 ﾠand	 ﾠTyler,	 ﾠ2006;	 ﾠAndrulis	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠBortvin	 ﾠ
and	 ﾠWinston,	 ﾠ1996;	 ﾠEndoh	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠKim	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠMayer	 ﾠet	 ﾠal.,	 ﾠ
2012;	 ﾠNi	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠSaunders	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠZobeck	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠSpt6	 ﾠhas	 ﾠdiverse	 ﾠroles	 ﾠin	 ﾠ
transcription	 ﾠand	 ﾠchromatin	 ﾠregulation	 ﾠincluding	 ﾠacting	 ﾠas	 ﾠa	 ﾠhistone	 ﾠchaperone	 ﾠ(discussed	 ﾠ
below).	 ﾠ	 ﾠSpt6	 ﾠshares	 ﾠmany	 ﾠmutant	 ﾠphenotypes	 ﾠwith	 ﾠthe	 ﾠFACT	 ﾠcomplex,	 ﾠanother	 ﾠhistone	 ﾠ
chaperone,	 ﾠwhich	 ﾠis	 ﾠcomposed	 ﾠof	 ﾠSpt16	 ﾠand	 ﾠPob3	 ﾠ(Brewster	 ﾠet	 ﾠal.,	 ﾠ2001;	 ﾠCheung	 ﾠet	 ﾠal.,	 ﾠ
2008;	 ﾠFormosa	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠMalone	 ﾠet	 ﾠal.,	 ﾠ1991;	 ﾠMason	 ﾠand	 ﾠStruhl,	 ﾠ
2003).	 ﾠ	 ﾠAlthough	 ﾠthe	 ﾠmechanism	 ﾠof	 ﾠFACT	 ﾠhas	 ﾠbeen	 ﾠextensively	 ﾠcharacterized	 ﾠ(Rando	 ﾠand	 ﾠ
Winston,	 ﾠ2012),	 ﾠthe	 ﾠprecise	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠthe	 ﾠintertwined	 ﾠprocesses	 ﾠof	 ﾠtranscription	 ﾠand	 ﾠ
chromatin	 ﾠstructure	 ﾠis	 ﾠstill	 ﾠunclear.	 ﾠ	 ﾠTherefore,	 ﾠSpt6	 ﾠwas	 ﾠthe	 ﾠfocus	 ﾠof	 ﾠmy	 ﾠdissertation.	 ﾠ	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II.  Spt6	 ﾠ
	 ﾠ
Discovery	 ﾠof	 ﾠSpt6	 ﾠ
Mutations	 ﾠin	 ﾠSPT6	 ﾠwere	 ﾠoriginally	 ﾠidentified	 ﾠas	 ﾠsuppressors	 ﾠof	 ﾠa	 ﾠδ	 ﾠ(the	 ﾠlong	 ﾠterminal	 ﾠ
repeat	 ﾠof	 ﾠa	 ﾠTy	 ﾠtransposable	 ﾠelement)	 ﾠinsertion	 ﾠmutation	 ﾠin	 ﾠthe	 ﾠpromoter	 ﾠof	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠ
HIS4	 ﾠgene	 ﾠ(Figure	 ﾠ1-ﾭ‐1)	 ﾠ(Winston	 ﾠet	 ﾠal.,	 ﾠ1984).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭ140	 ﾠmutant	 ﾠallele	 ﾠ(Table	 ﾠ1-ﾭ‐1)	 ﾠ
allowed	 ﾠfor	 ﾠnormal	 ﾠtranscription	 ﾠof	 ﾠthe	 ﾠHIS4	 ﾠgene	 ﾠdespite	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠ330	 ﾠbp	 ﾠδ	 ﾠ
insertion	 ﾠwithin	 ﾠthe	 ﾠHIS4	 ﾠpromoter	 ﾠ(Clark-ﾭ‐Adams	 ﾠand	 ﾠWinston,	 ﾠ1987).	 ﾠ	 ﾠRestoration	 ﾠof	 ﾠ
functional	 ﾠHIS4	 ﾠtranscription	 ﾠdespite	 ﾠthe	 ﾠcontinued	 ﾠpresence	 ﾠof	 ﾠa	 ﾠδ	 ﾠinsertion	 ﾠis	 ﾠreferred	 ﾠto	 ﾠ
as	 ﾠan	 ﾠSpt-ﾭ	 ﾠphenotype.	 ﾠ	 ﾠThe	 ﾠspt6	 ﾠmutants	 ﾠwere	 ﾠalso	 ﾠtemperature-ﾭ‐sensitive	 ﾠfor	 ﾠgrowth	 ﾠ(Ts-ﾭ‐)	 ﾠat	 ﾠ
37°C,	 ﾠsuggesting	 ﾠthat	 ﾠSPT6	 ﾠis	 ﾠessential	 ﾠfor	 ﾠviability	 ﾠ(Winston	 ﾠet	 ﾠal.,	 ﾠ1984).	 ﾠ
Mutations	 ﾠin	 ﾠSPT6	 ﾠwere	 ﾠsubsequently	 ﾠfound	 ﾠin	 ﾠa	 ﾠnumber	 ﾠof	 ﾠother	 ﾠyeast	 ﾠmutant	 ﾠ
hunts	 ﾠfor	 ﾠsuppressors	 ﾠof	 ﾠtranscriptional	 ﾠdefects.	 ﾠ	 ﾠIn	 ﾠone	 ﾠsuch	 ﾠmutant	 ﾠhunt,	 ﾠwork	 ﾠby	 ﾠthe	 ﾠ
Carlson	 ﾠlab	 ﾠisolated	 ﾠseveral	 ﾠsuppressors	 ﾠof	 ﾠa	 ﾠsnf2	 ﾠmutation	 ﾠ(Neigeborn	 ﾠet	 ﾠal.,	 ﾠ1986).	 ﾠ	 ﾠSNF2	 ﾠ
is	 ﾠrequired	 ﾠfor	 ﾠnormal	 ﾠderepression	 ﾠof	 ﾠSUC2	 ﾠ(which	 ﾠencodes	 ﾠinvertase)	 ﾠunder	 ﾠglucose	 ﾠ
deprivation	 ﾠconditions	 ﾠ(Neigeborn	 ﾠand	 ﾠCarlson,	 ﾠ1984).	 ﾠ	 ﾠThe	 ﾠsnf2	 ﾠsuppressors,	 ﾠlocated	 ﾠ
within	 ﾠa	 ﾠgene	 ﾠcalled	 ﾠSSN20	 ﾠ(Suppressor	 ﾠof	 ﾠsnf2),	 ﾠpartially	 ﾠrestore	 ﾠSUC2	 ﾠexpression	 ﾠin	 ﾠa	 ﾠsnf2	 ﾠ
background	 ﾠ(Neigeborn	 ﾠet	 ﾠal.,	 ﾠ1986).	 ﾠ	 ﾠFurther	 ﾠcharacterization	 ﾠrevealed	 ﾠthat	 ﾠSSN20	 ﾠis	 ﾠthe	 ﾠ
same	 ﾠgene	 ﾠas	 ﾠSPT6	 ﾠ(Neigeborn	 ﾠet	 ﾠal.,	 ﾠ1987).	 ﾠ	 ﾠSimilarly,	 ﾠthe	 ﾠCRE2	 ﾠgene	 ﾠ(Catabolite	 ﾠRepressor	 ﾠ
Element),	 ﾠlater	 ﾠshown	 ﾠto	 ﾠbe	 ﾠallelic	 ﾠwith	 ﾠSPT6,	 ﾠwas	 ﾠidentified	 ﾠin	 ﾠa	 ﾠhunt	 ﾠfor	 ﾠmutants	 ﾠthat	 ﾠ
allowed	 ﾠADH2	 ﾠ(encodes	 ﾠfor	 ﾠglucose-ﾭ‐repressible	 ﾠalcohol	 ﾠdehydrogenase)	 ﾠexpression	 ﾠunder	 ﾠ
glucose-ﾭ‐repressed	 ﾠconditions	 ﾠ(Denis,	 ﾠ1984;	 ﾠDenis	 ﾠand	 ﾠMalvar,	 ﾠ1990).	 ﾠ	 ﾠFinally,	 ﾠthe	 ﾠSPT6	 ﾠ
gene	 ﾠwas	 ﾠalso	 ﾠidentified	 ﾠby	 ﾠbur	 ﾠmutations	 ﾠ(Bypass	 ﾠUpstream	 ﾠactivating	 ﾠsequence	 ﾠ(UAS)	 ﾠ	 ﾠ	 ﾠ 7	 ﾠ
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Figure	 ﾠ1-ﾭ1:	 ﾠDiscovery	 ﾠof	 ﾠSPT6	 ﾠthrough	 ﾠselection	 ﾠfor	 ﾠTy	 ﾠδ	 ﾠinsertion	 ﾠsuppressors.	 ﾠ	 ﾠ
Ty912	 ﾠis	 ﾠa	 ﾠyeast	 ﾠtransposable	 ﾠelement	 ﾠwith	 ﾠan	 ﾠinternal	 ﾠregion	 ﾠflanked	 ﾠby	 ﾠtwo	 ﾠlong	 ﾠterminal	 ﾠ
repeats	 ﾠ(δ	 ﾠsequences).	 ﾠ	 ﾠInsertion	 ﾠof	 ﾠa	 ﾠδ	 ﾠ(red)	 ﾠinto	 ﾠthe	 ﾠHIS4	 ﾠpromoter	 ﾠleads	 ﾠto	 ﾠa	 ﾠ
nonfunctional	 ﾠtranscript	 ﾠand	 ﾠinability	 ﾠto	 ﾠgrow	 ﾠon	 ﾠmedium	 ﾠlacking	 ﾠhistidine	 ﾠ(SC-ﾭ‐His).	 ﾠ	 ﾠ
Mutants	 ﾠof	 ﾠSPT6	 ﾠsuppress	 ﾠδ	 ﾠinsertions	 ﾠand	 ﾠrestore	 ﾠa	 ﾠfunctional	 ﾠHIS4	 ﾠtranscript.	 ﾠ	 ﾠThe	 ﾠmRNA	 ﾠ
transcripts	 ﾠproduced	 ﾠin	 ﾠwild-ﾭ‐type	 ﾠand	 ﾠspt6	 ﾠmutant	 ﾠyeast	 ﾠare	 ﾠshown	 ﾠby	 ﾠblack	 ﾠarrows.	 ﾠ	 ﾠ
Mutations	 ﾠin	 ﾠspt6	 ﾠappear	 ﾠto	 ﾠaffect	 ﾠthe	 ﾠbalance	 ﾠbetween	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠthese	 ﾠtwo	 ﾠ
transcripts,	 ﾠfavoring	 ﾠthe	 ﾠshorter	 ﾠfunctional	 ﾠHIS4	 ﾠtranscript.	 ﾠ(Swanson	 ﾠet	 ﾠal.,	 ﾠ1991;	 ﾠWinston	 ﾠ
et	 ﾠal.,	 ﾠ1984;	 ﾠYamaguchi	 ﾠet	 ﾠal.,	 ﾠ2001)	 ﾠ
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Table	 ﾠ1-ﾭ1:	 ﾠList	 ﾠof	 ﾠwell-ﾭstudied	 ﾠspt6	 ﾠmutant	 ﾠalleles	 ﾠmentioned	 ﾠin	 ﾠthis	 ﾠdissertation.	 ﾠ	 ﾠFor	 ﾠ
more	 ﾠinformation	 ﾠregarding	 ﾠSpt6	 ﾠdomains,	 ﾠsee	 ﾠFigure	 ﾠ1-ﾭ‐2	 ﾠand	 ﾠTable	 ﾠ1-ﾭ‐2.	 ﾠ(Abbreviations:	 ﾠ
Ts-ﾭ‐,	 ﾠtemperature	 ﾠsensitive	 ﾠat	 ﾠ37°C;	 ﾠCs-ﾭ‐,	 ﾠcold	 ﾠsensitive	 ﾠat	 ﾠ16°C;	 ﾠHUs,	 ﾠHydroxyurea	 ﾠsensitive;	 ﾠ
6-ﾭ‐AUS,	 ﾠ6-ﾭ‐Azauracil	 ﾠsensitive;	 ﾠPhleoS,	 ﾠPhleomycin	 ﾠsensitive;	 ﾠaa,	 ﾠamino	 ﾠacids)	 ﾠ(Data	 ﾠfrom	 ﾠ
Kaplan,	 ﾠ2002;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠE.	 ﾠLoeliger,	 ﾠunpublished	 ﾠdata)	 ﾠ	 ﾠ 9	 ﾠ
	 ﾠRequirement)	 ﾠthat	 ﾠallow	 ﾠincreased	 ﾠtranscription	 ﾠof	 ﾠSUC2,	 ﾠdespite	 ﾠthe	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠSUC2	 ﾠ
UAS	 ﾠnormally	 ﾠrequired	 ﾠfor	 ﾠSUC2	 ﾠexpression	 ﾠ(Prelich	 ﾠand	 ﾠWinston,	 ﾠ1993).	 ﾠ	 ﾠ	 ﾠ
Overall,	 ﾠthe	 ﾠmultiple	 ﾠmodes	 ﾠof	 ﾠdiscovery	 ﾠof	 ﾠSpt6	 ﾠall	 ﾠpointed	 ﾠto	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠ
Spt6	 ﾠin	 ﾠtranscription	 ﾠregulation.	 ﾠ	 ﾠSpt6	 ﾠwas	 ﾠlater	 ﾠfound	 ﾠto	 ﾠbe	 ﾠan	 ﾠessential	 ﾠnuclear	 ﾠprotein	 ﾠ
conserved	 ﾠthroughout	 ﾠeukaryotes	 ﾠ(Chiang	 ﾠet	 ﾠal.,	 ﾠ1996;	 ﾠClark-ﾭ‐Adams	 ﾠand	 ﾠWinston,	 ﾠ1987;	 ﾠ
Kaplan	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠKeegan	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠNeigeborn	 ﾠet	 ﾠal.,	 ﾠ1987;	 ﾠSwanson	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ
	 ﾠ
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 ﾠRoles	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠTranscription	 ﾠRegulation	 ﾠ
Given	 ﾠthat	 ﾠmutations	 ﾠin	 ﾠSPT6	 ﾠwere	 ﾠfound	 ﾠto	 ﾠbe	 ﾠsuppressors	 ﾠof	 ﾠtranscriptional	 ﾠ
defects,	 ﾠSpt6	 ﾠwas	 ﾠpostulated	 ﾠto	 ﾠhave	 ﾠa	 ﾠrole	 ﾠin	 ﾠtranscription	 ﾠregulation	 ﾠ(Denis,	 ﾠ1984;	 ﾠDenis	 ﾠ
and	 ﾠMalvar,	 ﾠ1990;	 ﾠNeigeborn	 ﾠet	 ﾠal.,	 ﾠ1987;	 ﾠNeigeborn	 ﾠet	 ﾠal.,	 ﾠ1986;	 ﾠPrelich	 ﾠand	 ﾠWinston,	 ﾠ
1993;	 ﾠYamaguchi	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠ	 ﾠWork	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠshowed	 ﾠthat	 ﾠthe	 ﾠspt6-ﾭ50	 ﾠmutant	 ﾠallele	 ﾠ
(Table	 ﾠ1-ﾭ‐1)	 ﾠwas	 ﾠsensitive	 ﾠto	 ﾠ6-ﾭ‐azauracil,	 ﾠalso	 ﾠsuggesting	 ﾠa	 ﾠrole	 ﾠin	 ﾠtranscription	 ﾠelongation	 ﾠ
(Hartzog	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠ	 ﾠConsistent	 ﾠwith	 ﾠthis,	 ﾠSpt6	 ﾠinteracts	 ﾠgenetically	 ﾠwith	 ﾠthe	 ﾠtranscription	 ﾠ
elongation	 ﾠfactor	 ﾠTFIIS	 ﾠ(for	 ﾠadditional	 ﾠinformation,	 ﾠsee	 ﾠAppendix	 ﾠ2)	 ﾠand	 ﾠinteracts	 ﾠ
physically	 ﾠwith	 ﾠthe	 ﾠtranscription	 ﾠelongation	 ﾠcomplex	 ﾠSpt4/Spt5	 ﾠ(Hartzog	 ﾠet	 ﾠal.,	 ﾠ1998;	 ﾠ
Lindstrom	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠSwanson	 ﾠand	 ﾠWinston,	 ﾠ1992).	 ﾠ	 ﾠImportantly,	 ﾠSpt6	 ﾠbinds	 ﾠthe	 ﾠ
phosphorylated	 ﾠCTD	 ﾠof	 ﾠRNAPII	 ﾠand	 ﾠco-ﾭ‐localizes	 ﾠwith	 ﾠRNAPII	 ﾠalong	 ﾠtranscriptionally-ﾭ‐active	 ﾠ
genes	 ﾠin	 ﾠa	 ﾠnumber	 ﾠof	 ﾠmodel	 ﾠorganisms,	 ﾠproviding	 ﾠfurther	 ﾠevidence	 ﾠthat	 ﾠSpt6	 ﾠfunctions	 ﾠin	 ﾠ
transcription	 ﾠelongation	 ﾠ(Andrulis	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠEndoh	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠ
Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠKim	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠNi	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠSaunders	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠZobeck	 ﾠet	 ﾠal.,	 ﾠ	 ﾠ 10	 ﾠ
2010).	 ﾠ	 ﾠIn	 ﾠfact,	 ﾠbiochemical	 ﾠwork	 ﾠindicates	 ﾠthat	 ﾠhuman	 ﾠSpt6	 ﾠenhances	 ﾠthe	 ﾠelongation	 ﾠrate	 ﾠof	 ﾠ
RNAPII	 ﾠin	 ﾠvitro	 ﾠand	 ﾠin	 ﾠvivo	 ﾠ(Ardehali	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠEndoh	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠTaken	 ﾠtogether,	 ﾠthese	 ﾠ
results	 ﾠprovide	 ﾠstrong	 ﾠevidence	 ﾠfor	 ﾠa	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠtranscription	 ﾠelongation.	 ﾠ
More	 ﾠrecently,	 ﾠRNA-ﾭ‐seq	 ﾠanalysis	 ﾠin	 ﾠthe	 ﾠfission	 ﾠyeast	 ﾠSchizosaccharomyces	 ﾠpombe	 ﾠhas	 ﾠ
demonstrated	 ﾠthat	 ﾠspt6	 ﾠmutants	 ﾠcause	 ﾠdrastic	 ﾠchanges	 ﾠin	 ﾠtranscription	 ﾠgenome-ﾭ‐wide	 ﾠ
(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThis	 ﾠincludes	 ﾠelevated	 ﾠantisense	 ﾠtranscription	 ﾠin	 ﾠ>70%	 ﾠof	 ﾠall	 ﾠ
genes,	 ﾠchanges	 ﾠin	 ﾠlevels	 ﾠand	 ﾠstart	 ﾠsites	 ﾠof	 ﾠmRNA,	 ﾠand	 ﾠincreased	 ﾠintragenic	 ﾠtranscription	 ﾠ
(described	 ﾠmore	 ﾠbelow)	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠSimilar	 ﾠelevated	 ﾠantisense	 ﾠtranscription	 ﾠ
was	 ﾠseen	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠspt6	 ﾠmutants,	 ﾠequivalent	 ﾠto	 ﾠthe	 ﾠtranscription	 ﾠalterations	 ﾠseen	 ﾠupon	 ﾠ
histone	 ﾠprotein	 ﾠH4	 ﾠdepletion	 ﾠ(van	 ﾠBakel	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThe	 ﾠH3K36	 ﾠmethyltransferase,	 ﾠSet2,	 ﾠ
as	 ﾠwell	 ﾠas	 ﾠchromatin	 ﾠremodelers,	 ﾠIsw1	 ﾠand	 ﾠChd1,	 ﾠare	 ﾠrequired	 ﾠfor	 ﾠrepressing	 ﾠthis	 ﾠantisense	 ﾠ
transcription	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠvan	 ﾠBakel	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠAlso,	 ﾠin	 ﾠaddition	 ﾠto	 ﾠbinding	 ﾠ
S2p	 ﾠphosphorylated	 ﾠRNAPII	 ﾠCTD,	 ﾠSpt6	 ﾠappears	 ﾠto	 ﾠbe	 ﾠrequired	 ﾠfor	 ﾠS2p	 ﾠitself	 ﾠthrough	 ﾠ
associating	 ﾠwith	 ﾠand	 ﾠstabilizing	 ﾠCtk1	 ﾠ(the	 ﾠmajor	 ﾠserine-ﾭ‐2	 ﾠCTD	 ﾠkinase)	 ﾠ(Dronamraju	 ﾠand	 ﾠ
Strahl,	 ﾠ2014).	 ﾠ	 ﾠSpt6	 ﾠmay	 ﾠalso	 ﾠbe	 ﾠimportant	 ﾠfor	 ﾠRNAPI	 ﾠtranscription	 ﾠsince	 ﾠthere	 ﾠis	 ﾠphysical	 ﾠ
and	 ﾠgenetic	 ﾠevidence	 ﾠfor	 ﾠan	 ﾠinteraction	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠRpa43,	 ﾠa	 ﾠsubunit	 ﾠof	 ﾠRNAPI	 ﾠ
(Beckouet	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠAltogether,	 ﾠthis	 ﾠwork	 ﾠshows	 ﾠthat	 ﾠSpt6	 ﾠmay	 ﾠhave	 ﾠmore	 ﾠfar-ﾭ‐reaching	 ﾠ
effects	 ﾠon	 ﾠtranscription	 ﾠthan	 ﾠwas	 ﾠpreviously	 ﾠthought.	 ﾠ
Interestingly,	 ﾠspt6	 ﾠmutants	 ﾠcause	 ﾠa	 ﾠtranscriptional	 ﾠdefect	 ﾠknown	 ﾠas	 ﾠcryptic	 ﾠ
intragenic	 ﾠinitiation,	 ﾠwhere	 ﾠtranscription	 ﾠinitiates	 ﾠfrom	 ﾠinternal	 ﾠpromoters	 ﾠwithin	 ﾠORFs,	 ﾠ
leading	 ﾠto	 ﾠshort	 ﾠtranscripts	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠConsistent	 ﾠwith	 ﾠthis,	 ﾠ
mutations	 ﾠin	 ﾠSPT6	 ﾠare	 ﾠknown	 ﾠto	 ﾠimpair	 ﾠhistone	 ﾠH3K36	 ﾠmethylation	 ﾠand	 ﾠrecruitment	 ﾠof	 ﾠthe	 ﾠ
transcription	 ﾠfactor	 ﾠSpt2;	 ﾠboth	 ﾠtranscriptional	 ﾠfeatures	 ﾠthat	 ﾠcontribute	 ﾠto	 ﾠrepression	 ﾠof	 ﾠ	 ﾠ 11	 ﾠ
cryptic	 ﾠinitiation	 ﾠ(Carrozza	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠNourani	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠYoudell	 ﾠet	 ﾠal.,	 ﾠ
2008).	 ﾠ	 ﾠCryptic	 ﾠinitiation	 ﾠis	 ﾠobserved	 ﾠin	 ﾠa	 ﾠnumber	 ﾠof	 ﾠother	 ﾠmutants	 ﾠincluding	 ﾠthose	 ﾠwith	 ﾠ
mutations	 ﾠin	 ﾠSPT2,	 ﾠSPT4,	 ﾠSPT5,	 ﾠSPT16,	 ﾠand	 ﾠSET2,	 ﾠindicating	 ﾠthat	 ﾠthis	 ﾠphenomenon	 ﾠis	 ﾠnot	 ﾠ
unique	 ﾠto	 ﾠspt6	 ﾠmutants	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠparticular,	 ﾠSET2	 ﾠand	 ﾠH3K36	 ﾠtrimethylation	 ﾠ
play	 ﾠa	 ﾠprominent	 ﾠrole	 ﾠin	 ﾠrepression	 ﾠof	 ﾠcryptic	 ﾠtranscription	 ﾠ(Carrozza	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠCheung	 ﾠ
et	 ﾠal.,	 ﾠ2008;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠDegennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠLi	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠYoudell	 ﾠ
et	 ﾠal.,	 ﾠ2008).	 ﾠ
It	 ﾠis	 ﾠnow	 ﾠclear	 ﾠthat	 ﾠcryptic	 ﾠtranscription	 ﾠis	 ﾠa	 ﾠpervasive	 ﾠphenomenon	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ
2008).	 ﾠ	 ﾠMicroarray	 ﾠdata	 ﾠhas	 ﾠdemonstrated	 ﾠthat	 ﾠspt6	 ﾠmutants	 ﾠcause	 ﾠcryptic	 ﾠtranscription	 ﾠin	 ﾠ
over	 ﾠ1000	 ﾠyeast	 ﾠgenes	 ﾠ(approximately	 ﾠ1/6	 ﾠof	 ﾠthe	 ﾠyeast	 ﾠgenome)	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
Some	 ﾠof	 ﾠthese	 ﾠcryptic	 ﾠtranscripts	 ﾠare	 ﾠeven	 ﾠproduced	 ﾠin	 ﾠwild-ﾭ‐type	 ﾠyeast	 ﾠfollowing	 ﾠa	 ﾠ
nutritional	 ﾠshift	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIntriguingly,	 ﾠa	 ﾠnumber	 ﾠof	 ﾠthese	 ﾠcryptic	 ﾠtranscripts	 ﾠ
are	 ﾠtranslated	 ﾠto	 ﾠproduce	 ﾠproteins	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠHypotheses	 ﾠfor	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠ
cryptic	 ﾠtranscripts	 ﾠinclude	 ﾠ1)	 ﾠa	 ﾠmechanism	 ﾠfor	 ﾠgenerating	 ﾠalternative	 ﾠgene	 ﾠproducts,	 ﾠakin	 ﾠ
to	 ﾠalternative	 ﾠsplicing,	 ﾠ2)	 ﾠa	 ﾠmechanism	 ﾠfor	 ﾠfacilitating	 ﾠevolutionary	 ﾠgenetic	 ﾠchanges,	 ﾠ3)	 ﾠ
regulation	 ﾠof	 ﾠtranscription	 ﾠor	 ﾠchromatin	 ﾠstructure	 ﾠwithout	 ﾠproducing	 ﾠa	 ﾠfunctional	 ﾠ
transcript,	 ﾠand	 ﾠ4)	 ﾠtranscriptional	 ﾠ“noise”	 ﾠwith	 ﾠno	 ﾠapparent	 ﾠbiological	 ﾠrole	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ
2008).	 ﾠ	 ﾠOnly	 ﾠa	 ﾠhandful	 ﾠof	 ﾠexamples	 ﾠof	 ﾠfunctional	 ﾠcryptic	 ﾠtranscripts	 ﾠhave	 ﾠbeen	 ﾠdescribed	 ﾠ
(Bickel	 ﾠand	 ﾠMorris,	 ﾠ2006;	 ﾠOno	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠIn	 ﾠthese	 ﾠcases,	 ﾠthe	 ﾠindividual	 ﾠcryptic	 ﾠ
transcripts	 ﾠexamined	 ﾠwere	 ﾠshown	 ﾠto	 ﾠhave	 ﾠroles	 ﾠin	 ﾠtermination	 ﾠsuppression	 ﾠ(Ono	 ﾠet	 ﾠal.,	 ﾠ
2005)	 ﾠand	 ﾠresponse	 ﾠto	 ﾠmating	 ﾠpheromone	 ﾠ(Bickel	 ﾠand	 ﾠMorris,	 ﾠ2006).	 ﾠ	 ﾠHowever,	 ﾠbeyond	 ﾠa	 ﾠ
few	 ﾠisolated	 ﾠexamples,	 ﾠthe	 ﾠphysiological	 ﾠimportance	 ﾠof	 ﾠcryptic	 ﾠtranscripts	 ﾠremains	 ﾠelusive.	 ﾠ	 ﾠ	 ﾠ 12	 ﾠ
For	 ﾠthe	 ﾠpurposes	 ﾠof	 ﾠmy	 ﾠthesis	 ﾠwork,	 ﾠit	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠcryptic	 ﾠinitiation	 ﾠcan	 ﾠbe	 ﾠ
easily	 ﾠmonitored	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠusing	 ﾠa	 ﾠFLO8-ﾭHIS3-ﾭ‐based	 ﾠsystem	 ﾠwhere	 ﾠthe	 ﾠHIS3	 ﾠORF	 ﾠis	 ﾠ
inserted	 ﾠ3’	 ﾠof	 ﾠthe	 ﾠFLO8	 ﾠcryptic	 ﾠtranscript	 ﾠstart	 ﾠsite	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠthis	 ﾠreporter,	 ﾠ
the	 ﾠHIS3	 ﾠcoding	 ﾠsequence	 ﾠis	 ﾠinserted	 ﾠout-ﾭ‐of-ﾭ‐frame	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠthe	 ﾠfull-ﾭ‐length	 ﾠFLO8	 ﾠ
coding	 ﾠsequence	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠTherefore,	 ﾠHIS3	 ﾠtranscript	 ﾠcan	 ﾠonly	 ﾠbe	 ﾠproduced	 ﾠby	 ﾠ
transcription	 ﾠinitiation	 ﾠat	 ﾠthe	 ﾠcryptic	 ﾠstart	 ﾠsite	 ﾠand	 ﾠcan	 ﾠbe	 ﾠdetected	 ﾠby	 ﾠyeast	 ﾠgrowth	 ﾠon	 ﾠ
medium	 ﾠlacking	 ﾠhistidine	 ﾠ(SC-ﾭ‐His).	 ﾠ	 ﾠThis	 ﾠreporter	 ﾠhas	 ﾠfacilitated	 ﾠcharacterization	 ﾠof	 ﾠcryptic	 ﾠ
transcription	 ﾠby	 ﾠproviding	 ﾠa	 ﾠreliable	 ﾠand	 ﾠconvenient	 ﾠtechnique	 ﾠfor	 ﾠcryptic	 ﾠtranscription	 ﾠ
detection	 ﾠin	 ﾠa	 ﾠwide	 ﾠrange	 ﾠof	 ﾠmutants.	 ﾠ
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 ﾠ
	 ﾠSpt6	 ﾠappears	 ﾠto	 ﾠalso	 ﾠhave	 ﾠa	 ﾠcrucial	 ﾠrole	 ﾠin	 ﾠregulation	 ﾠof	 ﾠchromatin	 ﾠstructure.	 ﾠ	 ﾠThe	 ﾠ
demonstration	 ﾠthat	 ﾠSwi/Snf	 ﾠcontrols	 ﾠchromatin	 ﾠstructure	 ﾠin	 ﾠvivo	 ﾠ(Hirschhorn	 ﾠet	 ﾠal.,	 ﾠ1992),	 ﾠ
combined	 ﾠwith	 ﾠthe	 ﾠsuppression	 ﾠof	 ﾠsnf2	 ﾠmutations	 ﾠby	 ﾠspt6	 ﾠmutations	 ﾠ(Neigeborn	 ﾠet	 ﾠal.,	 ﾠ
1986),	 ﾠsuggested	 ﾠthat	 ﾠSpt6	 ﾠmight	 ﾠalso	 ﾠcontrol	 ﾠchromatin	 ﾠstructure.	 ﾠ	 ﾠSubsequent	 ﾠwork	 ﾠ
confirmed	 ﾠthat	 ﾠspt6	 ﾠmutations	 ﾠsuppress	 ﾠsnf2	 ﾠmutations	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠchromatin	 ﾠstructure	 ﾠ
(Bortvin	 ﾠand	 ﾠWinston,	 ﾠ1996).	 ﾠ	 ﾠThis	 ﾠwork	 ﾠalso	 ﾠdemonstrated	 ﾠthat	 ﾠSpt6	 ﾠbinds	 ﾠdirectly	 ﾠto	 ﾠ
histones	 ﾠH3	 ﾠand	 ﾠH4	 ﾠfrom	 ﾠyeast	 ﾠand	 ﾠhumans,	 ﾠand	 ﾠis	 ﾠcapable	 ﾠof	 ﾠassembling	 ﾠhistones	 ﾠonto	 ﾠ
naked	 ﾠDNA	 ﾠin	 ﾠvitro	 ﾠ(Bortvin	 ﾠand	 ﾠWinston,	 ﾠ1996).	 ﾠ	 ﾠIn	 ﾠvivo,	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠhistone	 ﾠ
reassembly	 ﾠonto	 ﾠpromoters	 ﾠto	 ﾠconfer	 ﾠtranscriptional	 ﾠrepression	 ﾠ(Adkins	 ﾠand	 ﾠTyler,	 ﾠ2006).	 ﾠ	 ﾠ
Mutations	 ﾠin	 ﾠSPT6	 ﾠlead	 ﾠto	 ﾠincreased	 ﾠMNase	 ﾠsensitivity	 ﾠover	 ﾠsome	 ﾠtranscribed	 ﾠregions,	 ﾠ
presumably	 ﾠfrom	 ﾠhistone	 ﾠloss	 ﾠ(Bortvin	 ﾠand	 ﾠWinston,	 ﾠ1996;	 ﾠIvanovska	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠKaplan	 ﾠ
et	 ﾠal.,	 ﾠ2003).	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The	 ﾠcontrol	 ﾠof	 ﾠchromatin	 ﾠstructure	 ﾠby	 ﾠSpt6	 ﾠis	 ﾠalso	 ﾠapparent	 ﾠfrom	 ﾠthe	 ﾠfinding	 ﾠthat,	 ﾠin	 ﾠ
both	 ﾠS.	 ﾠcerevisiae	 ﾠand	 ﾠS.	 ﾠpombe,	 ﾠan	 ﾠspt6	 ﾠmutation	 ﾠcauses	 ﾠnucleosome	 ﾠloss	 ﾠover	 ﾠmany	 ﾠcoding	 ﾠ
regions,	 ﾠpreferentially	 ﾠover	 ﾠhighly	 ﾠtranscribed	 ﾠgenes	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠIvanovska	 ﾠet	 ﾠ
al.,	 ﾠ2011;	 ﾠvan	 ﾠBakel	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThis	 ﾠresult	 ﾠis	 ﾠconsistent	 ﾠwith	 ﾠa	 ﾠmodel	 ﾠin	 ﾠwhich	 ﾠ
nucleosomes	 ﾠare	 ﾠmore	 ﾠfrequently	 ﾠlost	 ﾠfrom	 ﾠhighly	 ﾠtranscribed	 ﾠgenes	 ﾠand	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠ
for	 ﾠtheir	 ﾠreassembly.	 ﾠ	 ﾠUnexpectedly,	 ﾠin	 ﾠS.	 ﾠcerevisiae,	 ﾠthe	 ﾠspt6	 ﾠeffects	 ﾠon	 ﾠnucleosome	 ﾠloss	 ﾠdid	 ﾠ
not	 ﾠcorrelate	 ﾠwith	 ﾠspt6	 ﾠeffects	 ﾠon	 ﾠmRNA	 ﾠlevels	 ﾠand	 ﾠcryptic	 ﾠtranscription,	 ﾠsuggesting	 ﾠthat	 ﾠ
the	 ﾠeffect	 ﾠof	 ﾠSpt6	 ﾠon	 ﾠchromatin	 ﾠregulation	 ﾠis	 ﾠindependent	 ﾠof	 ﾠits	 ﾠeffect	 ﾠon	 ﾠtranscription	 ﾠ
(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
Spt6	 ﾠappears	 ﾠto	 ﾠalso	 ﾠplay	 ﾠa	 ﾠcrucial	 ﾠrole	 ﾠin	 ﾠnucleosome	 ﾠphasing	 ﾠand	 ﾠpatterning.	 ﾠ	 ﾠSpt6	 ﾠ
is	 ﾠimportant	 ﾠfor	 ﾠ+1	 ﾠnucleosome	 ﾠpositioning	 ﾠat	 ﾠthe	 ﾠCHA1	 ﾠlocus	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠand	 ﾠ
for	 ﾠestablishing	 ﾠ5’	 ﾠand	 ﾠ3’	 ﾠnucleosome-ﾭ‐depleted	 ﾠregions	 ﾠgenome-ﾭ‐wide	 ﾠ(Perales	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠ
In	 ﾠfact,	 ﾠmutations	 ﾠin	 ﾠSPT6	 ﾠcause	 ﾠalmost	 ﾠcomplete	 ﾠloss	 ﾠof	 ﾠnucleosome	 ﾠpatterning	 ﾠover	 ﾠgenes	 ﾠ
in	 ﾠS.	 ﾠcerevisiae	 ﾠand	 ﾠS.	 ﾠpombe,	 ﾠparticularly	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠ500	 ﾠbp	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠ
Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠPerales	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠvan	 ﾠBakel	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠInterestingly,	 ﾠbased	 ﾠon	 ﾠ
promoter	 ﾠswapping	 ﾠexperiments	 ﾠin	 ﾠS.	 ﾠcerevisiae,	 ﾠit	 ﾠappears	 ﾠthat	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠan	 ﾠspt6	 ﾠ
mutant	 ﾠon	 ﾠhistone	 ﾠloss	 ﾠare	 ﾠdetermined	 ﾠby	 ﾠthe	 ﾠpromoter	 ﾠmore	 ﾠso	 ﾠthan	 ﾠthe	 ﾠgene	 ﾠbody	 ﾠ
(Perales	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠOverall,	 ﾠspt6	 ﾠmutants	 ﾠhave	 ﾠdrastically	 ﾠaltered	 ﾠnucleosome	 ﾠ
positioning	 ﾠwith	 ﾠnearly	 ﾠcomplete	 ﾠloss	 ﾠof	 ﾠnucleosome	 ﾠpatterning	 ﾠover	 ﾠpromoters	 ﾠand	 ﾠcoding	 ﾠ
regions.	 ﾠ
Spt6	 ﾠalso	 ﾠaffects	 ﾠhistone	 ﾠturnover	 ﾠover	 ﾠheterochromatic	 ﾠloci	 ﾠin	 ﾠS.	 ﾠpombe.	 ﾠ	 ﾠBy	 ﾠ
preventing	 ﾠtranscription-ﾭ‐coupled	 ﾠhistone	 ﾠturnover,	 ﾠSpt6	 ﾠmaintains	 ﾠpost-ﾭ‐translational	 ﾠ
modifications	 ﾠat	 ﾠhistone	 ﾠH3	 ﾠand	 ﾠpreserves	 ﾠepigenetic	 ﾠintegrity	 ﾠ(Kato	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	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interaction	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠClr3	 ﾠ(a	 ﾠhistone	 ﾠdeacetylase)	 ﾠis	 ﾠsuggested	 ﾠby	 ﾠincreased	 ﾠH3K56	 ﾠ
acetylation	 ﾠat	 ﾠthe	 ﾠpericentromere	 ﾠin	 ﾠthe	 ﾠspt6	 ﾠclr3	 ﾠdouble	 ﾠmutant	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠspt6	 ﾠor	 ﾠ
clr3	 ﾠsingle	 ﾠmutants,	 ﾠsuggesting	 ﾠthat	 ﾠthese	 ﾠregulators	 ﾠof	 ﾠhistone	 ﾠturnover	 ﾠhave	 ﾠredundant	 ﾠ
mechanisms	 ﾠand	 ﾠact	 ﾠin	 ﾠparallel	 ﾠat	 ﾠthe	 ﾠpericentromere	 ﾠ(Kato	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠTaken	 ﾠtogether,	 ﾠ
these	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠSpt6	 ﾠaffects	 ﾠhistone	 ﾠturnover	 ﾠin	 ﾠS.	 ﾠpombe,	 ﾠacting	 ﾠin	 ﾠparallel	 ﾠwith	 ﾠ
Clr3.	 ﾠ
Spt6	 ﾠappears	 ﾠto	 ﾠalso	 ﾠregulate	 ﾠchromatin	 ﾠindirectly	 ﾠthrough	 ﾠinteraction	 ﾠwith	 ﾠSpt2	 ﾠ
(Bhat	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠSpt2	 ﾠhelps	 ﾠinhibit	 ﾠspurious	 ﾠtranscription	 ﾠin	 ﾠyeast	 ﾠand	 ﾠmaintains	 ﾠ
nucleosome	 ﾠlevels	 ﾠin	 ﾠcoding	 ﾠregions	 ﾠ(Nourani	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠSmolle	 ﾠand	 ﾠWorkman,	 ﾠ2013;	 ﾠ
Smolle	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠThebault	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠSpt6	 ﾠphysically	 ﾠinteracts	 ﾠwith	 ﾠSpt2	 ﾠin	 ﾠa	 ﾠCasein	 ﾠ
Kinase	 ﾠ2	 ﾠ(CK2)-ﾭ‐dependent	 ﾠfashion	 ﾠ(Bhat	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠSpt6	 ﾠrecruits	 ﾠSpt2	 ﾠto	 ﾠareas	 ﾠof	 ﾠactive	 ﾠ
transcription	 ﾠand	 ﾠit	 ﾠis	 ﾠhypothesized	 ﾠthat	 ﾠSpt2	 ﾠand	 ﾠCK2	 ﾠmay	 ﾠregulate	 ﾠthe	 ﾠdynamics	 ﾠof	 ﾠSpt6	 ﾠ
association	 ﾠand	 ﾠdisassociation	 ﾠfrom	 ﾠnucleosomes	 ﾠ(Bhat	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠThebault	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
Overall,	 ﾠthe	 ﾠSpt2-ﾭ‐Spt6	 ﾠinteraction	 ﾠmay	 ﾠbe	 ﾠpartially	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠ
regard	 ﾠto	 ﾠpreventing	 ﾠcryptic	 ﾠtranscription	 ﾠand	 ﾠnucleosome	 ﾠloss	 ﾠover	 ﾠORFs.	 ﾠ
	 ﾠ
The	 ﾠRoles	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠHistone	 ﾠModifications	 ﾠ
A	 ﾠcore	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠchromatin	 ﾠregulation,	 ﾠwhich	 ﾠlikely	 ﾠaccounts	 ﾠfor	 ﾠsome	 ﾠof	 ﾠits	 ﾠ
effects	 ﾠon	 ﾠcryptic	 ﾠtranscription,	 ﾠis	 ﾠits	 ﾠrequirement	 ﾠfor	 ﾠparticular	 ﾠhistone	 ﾠmodifications.	 ﾠ	 ﾠThe	 ﾠ
most	 ﾠwell-ﾭ‐established	 ﾠof	 ﾠthese	 ﾠis	 ﾠthe	 ﾠrequirement	 ﾠof	 ﾠSpt6	 ﾠfor	 ﾠH3K36	 ﾠtrimethylation,	 ﾠa	 ﾠ
histone	 ﾠmodification	 ﾠimportant	 ﾠfor	 ﾠrepressing	 ﾠcryptic	 ﾠinitiation	 ﾠand	 ﾠassociated	 ﾠwith	 ﾠactive	 ﾠ
transcription	 ﾠover	 ﾠ3’	 ﾠregions	 ﾠ(Carrozza	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠCheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠ
Joshi	 ﾠand	 ﾠStruhl,	 ﾠ2005;	 ﾠYoudell	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThe	 ﾠrequirement	 ﾠof	 ﾠSpt6	 ﾠfor	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trimethylation	 ﾠis	 ﾠconserved	 ﾠacross	 ﾠS.	 ﾠpombe,	 ﾠS.	 ﾠcerevisiae,	 ﾠand	 ﾠhumans	 ﾠ(Carrozza	 ﾠet	 ﾠal.,	 ﾠ
2005;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠDegennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠYoudell	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠS.	 ﾠ
pombe,	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠmaximum	 ﾠrecruitment	 ﾠof	 ﾠSet2	 ﾠ(the	 ﾠH3K36	 ﾠmethyltransferase)	 ﾠ
which	 ﾠpartially	 ﾠexplains	 ﾠthe	 ﾠH3K36	 ﾠtrimethylation	 ﾠdefect	 ﾠin	 ﾠspt6	 ﾠmutants	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ
2013).	 ﾠ	 ﾠOn	 ﾠthe	 ﾠother	 ﾠhand,	 ﾠin	 ﾠan	 ﾠS.	 ﾠcerevisiae	 ﾠspt6	 ﾠmutant,	 ﾠthe	 ﾠH3K36	 ﾠtrimethylation	 ﾠdefect	 ﾠ
is	 ﾠpartially	 ﾠdue	 ﾠto	 ﾠdecreased	 ﾠSet2	 ﾠprotein	 ﾠlevels	 ﾠ(Youdell	 ﾠet	 ﾠal.,	 ﾠ2008),	 ﾠwhereas	 ﾠthere	 ﾠare	 ﾠ
normal	 ﾠSet2	 ﾠlevels	 ﾠin	 ﾠan	 ﾠS.	 ﾠpombe	 ﾠspt6	 ﾠmutant	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIn	 ﾠhumans,	 ﾠthe	 ﾠ
Spt6-ﾭ‐mediated	 ﾠH3K36	 ﾠtrimethylation	 ﾠdefect	 ﾠis	 ﾠpartially	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠabnormalities	 ﾠ
in	 ﾠimmunoglobulin	 ﾠlocus	 ﾠclass	 ﾠswitch	 ﾠrecombination	 ﾠobserved	 ﾠin	 ﾠspt6	 ﾠmutants	 ﾠ(discussed	 ﾠ
below)	 ﾠ(Begum	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ
Another	 ﾠimportant	 ﾠhistone	 ﾠmodification	 ﾠaffected	 ﾠby	 ﾠSpt6	 ﾠis	 ﾠH3K4	 ﾠtrimethylation,	 ﾠ
associated	 ﾠwith	 ﾠactive	 ﾠtranscription	 ﾠat	 ﾠthe	 ﾠ5’	 ﾠend	 ﾠof	 ﾠtranscribed	 ﾠregions	 ﾠ(Smolle	 ﾠand	 ﾠ
Workman,	 ﾠ2013).	 ﾠ	 ﾠInterestingly,	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠnormal	 ﾠlevels	 ﾠof	 ﾠH3K4	 ﾠtrimethylation	 ﾠ
in	 ﾠS.	 ﾠpombe	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠKato	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠand	 ﾠhumans	 ﾠ(Begum	 ﾠet	 ﾠal.,	 ﾠ2012),	 ﾠbut	 ﾠ
not	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠ(M.	 ﾠMurawska,	 ﾠN.	 ﾠReim,	 ﾠand	 ﾠF.	 ﾠWinston,	 ﾠunpublished	 ﾠdata).	 ﾠ	 ﾠIn	 ﾠS.	 ﾠpombe,	 ﾠ
spt6	 ﾠmutations	 ﾠcause	 ﾠa	 ﾠdramatic	 ﾠloss	 ﾠof	 ﾠall	 ﾠdetectable	 ﾠH3K4	 ﾠtrimethylation,	 ﾠmostly	 ﾠdue	 ﾠto	 ﾠa	 ﾠ
defect	 ﾠin	 ﾠrecruitment	 ﾠof	 ﾠthe	 ﾠCOMPASS	 ﾠcomplex,	 ﾠwhich	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠH3K4	 ﾠtrimethylation	 ﾠ
(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIn	 ﾠhumans,	 ﾠsimilar	 ﾠto	 ﾠH3K36	 ﾠtrimethylation,	 ﾠone	 ﾠof	 ﾠthe	 ﾠ
downstream	 ﾠeffects	 ﾠof	 ﾠloss	 ﾠof	 ﾠH3K4	 ﾠtrimethylation	 ﾠis	 ﾠabnormal	 ﾠimmunoglobulin	 ﾠlocus	 ﾠclass	 ﾠ
switch	 ﾠrecombination	 ﾠ(discussed	 ﾠbelow)	 ﾠ(Begum	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ	 ﾠ
Studies	 ﾠof	 ﾠhistone	 ﾠmodifications	 ﾠin	 ﾠS.	 ﾠpombe	 ﾠheterochromatin	 ﾠhave	 ﾠproven	 ﾠto	 ﾠbe	 ﾠ
particularly	 ﾠuseful	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠsimilarities	 ﾠof	 ﾠits	 ﾠheterochromatin	 ﾠto	 ﾠthe	 ﾠ
heterochromatin	 ﾠof	 ﾠlarger	 ﾠeukaryotes	 ﾠ(Grewal,	 ﾠ2010;	 ﾠKiely	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMoazed	 ﾠet	 ﾠal.,	 ﾠ	 ﾠ 16	 ﾠ
2006).	 ﾠ	 ﾠIn	 ﾠthis	 ﾠcontext,	 ﾠmutations	 ﾠin	 ﾠSPT6	 ﾠresult	 ﾠin	 ﾠa	 ﾠlarge	 ﾠdecrease	 ﾠin	 ﾠH3K9	 ﾠtrimethylation	 ﾠ
(a	 ﾠhistone	 ﾠmodification	 ﾠcommonly	 ﾠseen	 ﾠin	 ﾠS.	 ﾠpombe	 ﾠheterochromatin	 ﾠsilencing	 ﾠmutants),	 ﾠ
possibly	 ﾠthrough	 ﾠdecreased	 ﾠrecruitment	 ﾠof	 ﾠthe	 ﾠCLRC	 ﾠcomplex,	 ﾠwhich	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠH3K9	 ﾠ
trimethylation	 ﾠ(Kiely	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠeffects	 ﾠon	 ﾠH3K9	 ﾠdimethylation	 ﾠdiffer	 ﾠbetween	 ﾠ
studies,	 ﾠwith	 ﾠone	 ﾠgroup	 ﾠshowing	 ﾠno	 ﾠrequirement	 ﾠof	 ﾠSpt6	 ﾠfor	 ﾠH3K9	 ﾠdimethylation	 ﾠ(Kiely	 ﾠet	 ﾠ
al.,	 ﾠ2011)	 ﾠand	 ﾠanother	 ﾠobserving	 ﾠH3K9	 ﾠdimethylation	 ﾠdefects	 ﾠin	 ﾠan	 ﾠspt6	 ﾠmutant	 ﾠ(Kato	 ﾠet	 ﾠal.,	 ﾠ
2013).	 ﾠ	 ﾠThis	 ﾠdiscrepancy	 ﾠis	 ﾠmost	 ﾠlikely	 ﾠdue	 ﾠto	 ﾠthe	 ﾠdifferent	 ﾠspt6	 ﾠmutant	 ﾠalleles	 ﾠused:	 ﾠthe	 ﾠ
allele	 ﾠused	 ﾠby	 ﾠKiely	 ﾠet	 ﾠal	 ﾠencoded	 ﾠa	 ﾠmutant	 ﾠprotein	 ﾠlacking	 ﾠthe	 ﾠSpt6	 ﾠhelix-ﾭ‐hairpin-ﾭ‐helix	 ﾠ
(HhH)	 ﾠdomain	 ﾠwhile	 ﾠKato	 ﾠet	 ﾠal	 ﾠutilized	 ﾠa	 ﾠdeletion	 ﾠmutant	 ﾠlacking	 ﾠthe	 ﾠYqgF	 ﾠRNase-ﾭ‐like	 ﾠ
domain	 ﾠ(Spt6	 ﾠdomains	 ﾠdiscussed	 ﾠbelow)	 ﾠ(Kato	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠKiely	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
In	 ﾠaddition,	 ﾠH3K14	 ﾠacetylation	 ﾠwas	 ﾠincreased	 ﾠfour-ﾭ‐fold	 ﾠin	 ﾠan	 ﾠspt6	 ﾠmutant,	 ﾠwhich	 ﾠ
may	 ﾠpartially	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠsevere	 ﾠheterochromatin	 ﾠsilencing	 ﾠdefect	 ﾠobserved	 ﾠin	 ﾠS.	 ﾠpombe	 ﾠ
spt6	 ﾠmutants	 ﾠ(Kiely	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIn	 ﾠregard	 ﾠto	 ﾠthis,	 ﾠan	 ﾠspt6	 ﾠmutation	 ﾠdisrupts	 ﾠsilencing	 ﾠat	 ﾠall	 ﾠ
heterochromatic	 ﾠloci	 ﾠ(the	 ﾠpericentric	 ﾠrepeats,	 ﾠsilent	 ﾠmating	 ﾠtype	 ﾠlocus,	 ﾠand	 ﾠsubtelomeric	 ﾠ
regions),	 ﾠin	 ﾠaddition	 ﾠto	 ﾠaffecting	 ﾠcentromere	 ﾠfunction	 ﾠ(Kiely	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠOverall,	 ﾠ
mutations	 ﾠin	 ﾠSPT6	 ﾠdrastically	 ﾠalter	 ﾠthe	 ﾠhistone	 ﾠmodification	 ﾠlandscape	 ﾠover	 ﾠ
heterochromatin,	 ﾠwhich	 ﾠleads	 ﾠto	 ﾠheterochromatin	 ﾠsilencing	 ﾠdefects	 ﾠin	 ﾠfission	 ﾠyeast.	 ﾠ
In	 ﾠzebrafish	 ﾠand	 ﾠmammals,	 ﾠSpt6	 ﾠhas	 ﾠbeen	 ﾠfound	 ﾠto	 ﾠcounteract	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠanother	 ﾠ
histone	 ﾠmodification,	 ﾠH3K27	 ﾠtrimethylation.	 ﾠ	 ﾠH3K27	 ﾠtrimethylation	 ﾠis	 ﾠa	 ﾠhistone	 ﾠmark	 ﾠ
important	 ﾠfor	 ﾠtranscription	 ﾠrepression	 ﾠand	 ﾠdeposited	 ﾠby	 ﾠthe	 ﾠPolycomb	 ﾠRepressive	 ﾠComplex	 ﾠ
2	 ﾠ(PRC2)	 ﾠ(Cao	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠCzermin	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠKuzmichev	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠMuller	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠ
Wang	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠSpt6-ﾭ‐mediated	 ﾠH3K27	 ﾠdemethylation	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠactivation	 ﾠof	 ﾠthe	 ﾠ
normal	 ﾠmyogenic	 ﾠgene	 ﾠprogram	 ﾠwhich	 ﾠincludes	 ﾠMyoD	 ﾠand	 ﾠother	 ﾠmuscle-ﾭ‐specific	 ﾠgene	 ﾠ	 ﾠ 17	 ﾠ
expression	 ﾠand	 ﾠcell	 ﾠdifferentiation	 ﾠ(Wang	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThe	 ﾠmechanism	 ﾠfor	 ﾠH3K27	 ﾠ
demethylation	 ﾠappears	 ﾠto	 ﾠbe	 ﾠSpt6-ﾭ‐mediated	 ﾠchromatin	 ﾠassociation	 ﾠof	 ﾠthe	 ﾠH3K27	 ﾠ
demethylase,	 ﾠKDM6A	 ﾠ(UTX)	 ﾠ(Wang	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠSpt6	 ﾠalso	 ﾠphysically	 ﾠinteracts	 ﾠwith	 ﾠJMJD3,	 ﾠ
an	 ﾠH3K27	 ﾠdemethylase,	 ﾠwhich	 ﾠhelps	 ﾠrecruit	 ﾠSpt6	 ﾠto	 ﾠJMJD3-ﾭ‐targeted	 ﾠregions	 ﾠof	 ﾠthe	 ﾠgenome	 ﾠ
(Chen	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIn	 ﾠconclusion,	 ﾠSpt6-ﾭ‐mediated	 ﾠrecruitment	 ﾠof	 ﾠH3K27	 ﾠdemethylases	 ﾠis	 ﾠ
crucial	 ﾠfor	 ﾠthe	 ﾠH3K27	 ﾠdemethylation	 ﾠrequired	 ﾠfor	 ﾠnormal	 ﾠmyogenesis.	 ﾠ
	 ﾠ
Spt6	 ﾠLocalization	 ﾠPattern	 ﾠon	 ﾠChromatin	 ﾠ
Given	 ﾠthe	 ﾠcrucial	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠchromatin	 ﾠand	 ﾠtranscription	 ﾠregulation,	 ﾠdetermining	 ﾠ
its	 ﾠlocalization	 ﾠpattern	 ﾠon	 ﾠchromatin	 ﾠis	 ﾠan	 ﾠimportant	 ﾠstarting	 ﾠpoint	 ﾠfor	 ﾠunderstanding	 ﾠSpt6	 ﾠ
function.	 ﾠ	 ﾠWork	 ﾠfrom	 ﾠour	 ﾠlab	 ﾠand	 ﾠothers,	 ﾠusing	 ﾠDrosophila	 ﾠmelanogaster	 ﾠpolytene	 ﾠ
chromsome	 ﾠstaining	 ﾠ(Andrulis	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2000)	 ﾠand	 ﾠS.	 ﾠcerevisiae	 ﾠChIP-ﾭ‐chip	 ﾠ
(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011),	 ﾠshowed	 ﾠthat	 ﾠSpt6	 ﾠrecruitment	 ﾠcorrelates	 ﾠwith	 ﾠtranscription	 ﾠlevels	 ﾠ
and	 ﾠwith	 ﾠlevels	 ﾠof	 ﾠphosphorylated,	 ﾠactively	 ﾠtranscribing	 ﾠRNAPII.	 ﾠ	 ﾠSpt6,	 ﾠmirroring	 ﾠthe	 ﾠ
recruitment	 ﾠpattern	 ﾠof	 ﾠfellow	 ﾠtranscription	 ﾠfactors	 ﾠSpt4	 ﾠand	 ﾠSpt5,	 ﾠis	 ﾠnot	 ﾠpresent	 ﾠat	 ﾠ
promoters	 ﾠbut	 ﾠSpt6	 ﾠoccupancy	 ﾠincreases	 ﾠsharply	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠ5’	 ﾠtranscription	 ﾠstart	 ﾠ
site	 ﾠand	 ﾠis	 ﾠmaintained	 ﾠthroughout	 ﾠthe	 ﾠtranscribed	 ﾠregion	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠis	 ﾠin	 ﾠ
contrast	 ﾠto	 ﾠSpn1/Iws1,	 ﾠthe	 ﾠconserved	 ﾠbinding	 ﾠpartner	 ﾠof	 ﾠSpt6	 ﾠ(described	 ﾠin	 ﾠa	 ﾠlater	 ﾠsection),	 ﾠ
which	 ﾠis	 ﾠmostly	 ﾠfound	 ﾠin	 ﾠhigh	 ﾠlevels	 ﾠat	 ﾠthe	 ﾠ3’	 ﾠend	 ﾠof	 ﾠgenes	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠOne	 ﾠkey	 ﾠ
unanswered	 ﾠquestion	 ﾠis	 ﾠwhy	 ﾠthe	 ﾠbinding	 ﾠpartners,	 ﾠSpt6	 ﾠand	 ﾠSpn1,	 ﾠhave	 ﾠdifferent	 ﾠgenomic	 ﾠ
localization	 ﾠpatterns.	 ﾠ	 ﾠThe	 ﾠchromatin	 ﾠrecruitment	 ﾠprofile	 ﾠof	 ﾠelongation	 ﾠfactors,	 ﾠsuch	 ﾠas	 ﾠSpt6	 ﾠ
and	 ﾠSpn1,	 ﾠis	 ﾠdistinct	 ﾠfrom	 ﾠthose	 ﾠof	 ﾠinitiation	 ﾠor	 ﾠtermination	 ﾠfactors	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ	 ﾠ 18	 ﾠ
Overall,	 ﾠthese	 ﾠfindings	 ﾠdemonstrate	 ﾠthat	 ﾠSpt6	 ﾠbinds	 ﾠthroughout	 ﾠchromatin	 ﾠand	 ﾠthat	 ﾠits	 ﾠ
recruitment	 ﾠcorrelates	 ﾠwith	 ﾠtranscription	 ﾠand	 ﾠRNAPII	 ﾠlevels.	 ﾠ
	 ﾠ
Spt6	 ﾠhas	 ﾠRoles	 ﾠin	 ﾠmRNA	 ﾠExport	 ﾠand	 ﾠProcessing	 ﾠ
	 ﾠ Spt6	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠimportant	 ﾠfor	 ﾠother	 ﾠprocesses	 ﾠassociated	 ﾠwith	 ﾠ
transcription.	 ﾠ	 ﾠMicroarray	 ﾠdata	 ﾠfrom	 ﾠspt6	 ﾠmutants	 ﾠshow	 ﾠa	 ﾠprofile	 ﾠof	 ﾠtranscription	 ﾠwhich	 ﾠ
clusters	 ﾠwith	 ﾠthat	 ﾠof	 ﾠmutants	 ﾠinvolved	 ﾠin	 ﾠmRNA	 ﾠexport	 ﾠand	 ﾠprocessing	 ﾠ(Burckin	 ﾠet	 ﾠal.,	 ﾠ
2005).	 ﾠ	 ﾠConsistent	 ﾠwith	 ﾠthis	 ﾠresult,	 ﾠexperiments	 ﾠin	 ﾠD.	 ﾠmelanogaster	 ﾠsuggest	 ﾠa	 ﾠphysical	 ﾠ
interaction	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠexosome	 ﾠcomplex,	 ﾠa	 ﾠ3’-ﾭ‐5’	 ﾠexoribonuclease	 ﾠ
involved	 ﾠin	 ﾠprocessing	 ﾠof	 ﾠstructural	 ﾠRNA	 ﾠand	 ﾠin	 ﾠdegradation	 ﾠof	 ﾠimproperly	 ﾠprocessed,	 ﾠ
spliced	 ﾠor	 ﾠadenylated	 ﾠpre-ﾭ‐mRNA	 ﾠ(Andrulis	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠBousquet-ﾭ‐Antonelli	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠ
Butler,	 ﾠ2002;	 ﾠHilleren	 ﾠet	 ﾠal.,	 ﾠ2001;	 ﾠTorchet	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠvan	 ﾠHoof	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠSpt6	 ﾠalso	 ﾠco-ﾭ‐
purifies	 ﾠwith	 ﾠthe	 ﾠmRNA	 ﾠcapping	 ﾠenzyme	 ﾠand	 ﾠcap	 ﾠmethyltransferase	 ﾠin	 ﾠbudding	 ﾠyeast	 ﾠ
(Lindstrom	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠMutations	 ﾠin	 ﾠSPT6	 ﾠaffect	 ﾠmRNA	 ﾠ3’-ﾭ‐end	 ﾠformation	 ﾠand	 ﾠcause	 ﾠread-ﾭ‐
through	 ﾠof	 ﾠthe	 ﾠpolyA	 ﾠtail	 ﾠ(Kaplan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠIn	 ﾠhumans,	 ﾠspt6	 ﾠmutants	 ﾠlead	 ﾠto	 ﾠsplicing	 ﾠ
defects	 ﾠin	 ﾠselect	 ﾠmRNAs,	 ﾠwhile	 ﾠectopic	 ﾠSPT6	 ﾠexpression	 ﾠleads	 ﾠto	 ﾠnuclear	 ﾠretention	 ﾠof	 ﾠbulk	 ﾠ
poly(A)+	 ﾠRNAs	 ﾠ(Yoh	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠTaken	 ﾠtogether,	 ﾠthese	 ﾠstudies	 ﾠsuggest	 ﾠthat	 ﾠSpt6	 ﾠmay	 ﾠ
connect	 ﾠtranscription	 ﾠelongation	 ﾠto	 ﾠdownstream	 ﾠor	 ﾠsimultaneous	 ﾠmRNA	 ﾠprocessing	 ﾠand	 ﾠ
export	 ﾠsteps.	 ﾠ
	 ﾠ
The	 ﾠRole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠMetazoan	 ﾠDevelopment	 ﾠand	 ﾠSignal	 ﾠTransduction	 ﾠ
	 ﾠ Spt6	 ﾠhas	 ﾠbeen	 ﾠimplicated	 ﾠin	 ﾠmany	 ﾠareas	 ﾠof	 ﾠbiology	 ﾠin	 ﾠdiverse	 ﾠorganisms	 ﾠfrom	 ﾠyeast	 ﾠ
to	 ﾠhuman.	 ﾠ	 ﾠSpt6	 ﾠis	 ﾠessential	 ﾠfor	 ﾠD.	 ﾠmelanogaster	 ﾠdevelopment	 ﾠ(Ardehali	 ﾠet	 ﾠal.,	 ﾠ2009),	 ﾠ	 ﾠ 19	 ﾠ
Caenorhabditis	 ﾠelegans	 ﾠgut	 ﾠdevelopment	 ﾠ(Nishiwaki	 ﾠand	 ﾠMiwa,	 ﾠ1998;	 ﾠNishiwaki	 ﾠet	 ﾠal.,	 ﾠ
1993),	 ﾠzebrafish	 ﾠdevelopment	 ﾠincluding	 ﾠsomitogenesis	 ﾠand	 ﾠcardiac	 ﾠdifferentiation	 ﾠ(Keegan	 ﾠ
et	 ﾠal.,	 ﾠ2002;	 ﾠKok	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠSerluca,	 ﾠ2008;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2013),	 ﾠsignal	 ﾠtransduction	 ﾠin	 ﾠ
metazoans	 ﾠ(Baniahmad	 ﾠet	 ﾠal.,	 ﾠ1995;	 ﾠShen	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007),	 ﾠmammalian	 ﾠand	 ﾠ
zebrafish	 ﾠmuscle	 ﾠdevelopment	 ﾠ(Wang	 ﾠet	 ﾠal.,	 ﾠ2013),	 ﾠand	 ﾠHuman	 ﾠImmunodeficiency	 ﾠVirus	 ﾠ
type	 ﾠ1	 ﾠ(HIV-ﾭ‐1)	 ﾠand	 ﾠHuman	 ﾠCytomegalovirus	 ﾠ(HCMV)	 ﾠviral	 ﾠgenome	 ﾠtranscription	 ﾠ(Cygnar	 ﾠet	 ﾠ
al.,	 ﾠ2012;	 ﾠGallastegui	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠNakamura	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠVanti	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠWinkler	 ﾠet	 ﾠal.,	 ﾠ
2000;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠrecent	 ﾠstudies	 ﾠsuggest	 ﾠthat	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠ
germline	 ﾠstem	 ﾠcell	 ﾠmaintenance	 ﾠin	 ﾠD.	 ﾠmelanogaster	 ﾠ(Neumuller	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠThese	 ﾠ
extensive	 ﾠeffects	 ﾠon	 ﾠdevelopment,	 ﾠsignal	 ﾠtransduction,	 ﾠand	 ﾠviral	 ﾠtranscription	 ﾠillustrate	 ﾠthe	 ﾠ
far-ﾭ‐reaching	 ﾠconsequences	 ﾠof	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠtranscription	 ﾠregulation	 ﾠand	 ﾠchromatin	 ﾠ
structure.	 ﾠ
	 ﾠ
The	 ﾠRole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠHIV-ﾭ1	 ﾠand	 ﾠHCMV	 ﾠViral	 ﾠTranscription	 ﾠ
Some	 ﾠstudies	 ﾠhave	 ﾠsuggested	 ﾠimportant	 ﾠroles	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠHIV-ﾭ‐1	 ﾠtranscription.	 ﾠ	 ﾠSpt6	 ﾠ
is	 ﾠbelieved	 ﾠto	 ﾠregulate	 ﾠchromatin	 ﾠover	 ﾠregulatory	 ﾠelements	 ﾠof	 ﾠthe	 ﾠlatent	 ﾠHIV-ﾭ‐1	 ﾠgenome	 ﾠand	 ﾠ
may	 ﾠcontribute	 ﾠto	 ﾠrepressing	 ﾠreactivation	 ﾠof	 ﾠlatent	 ﾠvirus	 ﾠand	 ﾠpreventing	 ﾠillness	 ﾠprogression	 ﾠ
(Vanti	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠInteraction	 ﾠwith	 ﾠPAAF1	 ﾠ(a	 ﾠproteasome-ﾭ‐associated	 ﾠfactor)	 ﾠis	 ﾠrequired	 ﾠto	 ﾠ
prevent	 ﾠdegradation	 ﾠof	 ﾠSpt6,	 ﾠwhich	 ﾠotherwise	 ﾠcauses	 ﾠaberrant	 ﾠcryptic	 ﾠinitiation	 ﾠover	 ﾠthe	 ﾠ
HIV-ﾭ‐1	 ﾠviral	 ﾠgenome	 ﾠ(Nakamura	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIn	 ﾠone	 ﾠcase,	 ﾠdepletion	 ﾠof	 ﾠSpt6	 ﾠpromoted	 ﾠHIV-ﾭ‐1	 ﾠ
promoter	 ﾠreactivation,	 ﾠconcurrently	 ﾠwith	 ﾠincreased	 ﾠchromatin	 ﾠaccessibility	 ﾠto	 ﾠMNase	 ﾠ
digest	 ﾠover	 ﾠthe	 ﾠviral	 ﾠgenome	 ﾠand	 ﾠregulatory	 ﾠregions	 ﾠ(Gallastegui	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠSome	 ﾠhave	 ﾠ	 ﾠ 20	 ﾠ
hypothesized	 ﾠthat	 ﾠSpt6	 ﾠmay	 ﾠact	 ﾠto	 ﾠmaintain	 ﾠHIV-ﾭ‐1	 ﾠproviral	 ﾠlatency	 ﾠ(Gallastegui	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠ
Nakamura	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠVanti	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ
In	 ﾠaddition,	 ﾠduring	 ﾠHCMV	 ﾠinfection,	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠefficient	 ﾠviral	 ﾠreplication	 ﾠ
(Cygnar	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠWinkler	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠThe	 ﾠC-ﾭ‐terminal	 ﾠregion	 ﾠof	 ﾠhuman	 ﾠSpt6	 ﾠbinds	 ﾠthe	 ﾠ
HCMV	 ﾠprotein	 ﾠpUL69	 ﾠin	 ﾠa	 ﾠregion	 ﾠconserved	 ﾠamong	 ﾠherpesviruses,	 ﾠand	 ﾠthis	 ﾠinteraction	 ﾠ
appears	 ﾠto	 ﾠbe	 ﾠrequired	 ﾠfor	 ﾠefficient	 ﾠviral	 ﾠgene	 ﾠexpression	 ﾠ(Winkler	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠ
Interestingly,	 ﾠthis	 ﾠSpt6	 ﾠC-ﾭ‐terminal	 ﾠregion	 ﾠalso	 ﾠbinds	 ﾠhistone	 ﾠH3	 ﾠin	 ﾠhumans,	 ﾠand	 ﾠpUL69	 ﾠcan	 ﾠ
inhibit	 ﾠthis	 ﾠSpt6-ﾭ‐H3	 ﾠinteraction	 ﾠ(Winkler	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠBased	 ﾠon	 ﾠthis,	 ﾠHCMV	 ﾠpUL69	 ﾠis	 ﾠ
believed	 ﾠto	 ﾠprevent	 ﾠSpt6-ﾭ‐H3	 ﾠbinding,	 ﾠresulting	 ﾠin	 ﾠloss	 ﾠof	 ﾠhuman	 ﾠSpt6	 ﾠchromatin	 ﾠremodeling	 ﾠ
functions	 ﾠand	 ﾠallowing	 ﾠefficient	 ﾠHCMV	 ﾠviral	 ﾠreplication	 ﾠ(Winkler	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠOverall,	 ﾠthis	 ﾠ
work	 ﾠsuggests	 ﾠSpt6	 ﾠhas	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠHIV-ﾭ‐1	 ﾠand	 ﾠHCMV	 ﾠviral	 ﾠinfection	 ﾠin	 ﾠhumans.	 ﾠ
	 ﾠ
A	 ﾠRole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠAntibody	 ﾠDiversification	 ﾠin	 ﾠMammals	 ﾠ
Consistent	 ﾠwith	 ﾠits	 ﾠcentral	 ﾠrole	 ﾠin	 ﾠchromatin	 ﾠregulation,	 ﾠSpt6-ﾭ‐dependent	 ﾠhistone	 ﾠ
modifications	 ﾠare	 ﾠimportant	 ﾠfor	 ﾠthe	 ﾠnormal	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠmammalian	 ﾠimmune	 ﾠsystem.	 ﾠ	 ﾠ
Immunoglobulin	 ﾠgenes	 ﾠin	 ﾠantigen-ﾭ‐stimulated	 ﾠB-ﾭ‐lymphocytes	 ﾠare	 ﾠdiversified	 ﾠto	 ﾠdetect	 ﾠa	 ﾠ
wide	 ﾠvariety	 ﾠof	 ﾠtargets	 ﾠand	 ﾠpathogens	 ﾠby	 ﾠtwo	 ﾠdifferent	 ﾠgenetic	 ﾠalteration	 ﾠmechanisms:	 ﾠ
class-ﾭ‐switch	 ﾠrecombination	 ﾠ(CSR)	 ﾠand	 ﾠsomatic	 ﾠhypermutation	 ﾠ(SHM)	 ﾠ(Honjo	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠ
Kinoshita	 ﾠand	 ﾠHonjo,	 ﾠ2001).	 ﾠ	 ﾠCSR	 ﾠresults	 ﾠin	 ﾠswitching	 ﾠbetween	 ﾠdifferent	 ﾠimmunoglobulin	 ﾠ
heavy	 ﾠchain	 ﾠconstant	 ﾠregion	 ﾠgenes	 ﾠwhile	 ﾠSHM	 ﾠintroduces	 ﾠrandom	 ﾠpoint	 ﾠmutations	 ﾠinto	 ﾠthe	 ﾠ
immunoglobulin	 ﾠgene	 ﾠvariable	 ﾠregion	 ﾠ(Honjo	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠKinoshita	 ﾠand	 ﾠHonjo,	 ﾠ2001).	 ﾠ	 ﾠCSR	 ﾠ
and	 ﾠSHM	 ﾠboth	 ﾠrequire	 ﾠactivation-ﾭ‐induced	 ﾠcytidine	 ﾠdeaminase	 ﾠ(AID)	 ﾠwhich	 ﾠis	 ﾠspecifically	 ﾠ
expressed	 ﾠin	 ﾠB-ﾭ‐lymphocytes	 ﾠand	 ﾠinitiates	 ﾠsingle-ﾭ‐stranded	 ﾠDNA	 ﾠbreaks	 ﾠcrucial	 ﾠfor	 ﾠCSR	 ﾠand	 ﾠ	 ﾠ 21	 ﾠ
SHM	 ﾠ(Muramatsu	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ
Recent	 ﾠstudies	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠboth	 ﾠfor	 ﾠnormal	 ﾠCSR	 ﾠand	 ﾠSHM,	 ﾠand	 ﾠ
Spt6	 ﾠregulates	 ﾠH3K4	 ﾠtrimethylation	 ﾠmarks	 ﾠacross	 ﾠCSR	 ﾠand	 ﾠSHM	 ﾠtarget	 ﾠloci	 ﾠ(Begum	 ﾠet	 ﾠal.,	 ﾠ
2012;	 ﾠOkazaki	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠdepletion	 ﾠof	 ﾠSpt6	 ﾠdecreases	 ﾠH3K4	 ﾠand	 ﾠH3K36	 ﾠ
trimethylation	 ﾠ(but	 ﾠnot	 ﾠH3	 ﾠlevels)	 ﾠacross	 ﾠthe	 ﾠgene	 ﾠencoding	 ﾠAID	 ﾠand	 ﾠsubsequently	 ﾠblocks	 ﾠ
AID-ﾭ‐induced	 ﾠDNA	 ﾠcleavage	 ﾠrequired	 ﾠfor	 ﾠCSR	 ﾠand	 ﾠSHM	 ﾠ(Begum	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠOkazaki	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠof	 ﾠSpt6	 ﾠ(discussed	 ﾠbelow)	 ﾠplay	 ﾠa	 ﾠ
role	 ﾠin	 ﾠnormal	 ﾠCSR,	 ﾠas	 ﾠSpt6	 ﾠtruncations	 ﾠmissing	 ﾠthis	 ﾠregion	 ﾠare	 ﾠunable	 ﾠto	 ﾠrestore	 ﾠnormal	 ﾠ
CSR	 ﾠand	 ﾠH3K4	 ﾠtrimethylation	 ﾠlevels,	 ﾠand	 ﾠalso	 ﾠresult	 ﾠin	 ﾠa	 ﾠdefect	 ﾠin	 ﾠrecruitment	 ﾠof	 ﾠthe	 ﾠhistone	 ﾠ
methyltransferase	 ﾠSet1A	 ﾠover	 ﾠAID-ﾭ‐targeted	 ﾠloci	 ﾠ(Begum	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠOverall,	 ﾠSpt6	 ﾠclearly	 ﾠ
plays	 ﾠa	 ﾠcrucial	 ﾠrole	 ﾠin	 ﾠregulating	 ﾠdiversification	 ﾠof	 ﾠantibodies	 ﾠin	 ﾠmammalian	 ﾠB-ﾭ‐lymphocytes,	 ﾠ
partially	 ﾠthrough	 ﾠregulation	 ﾠof	 ﾠH3K4	 ﾠand	 ﾠH3K36	 ﾠtrimethylation	 ﾠand	 ﾠSet1A	 ﾠrecruitment.	 ﾠ
	 ﾠ
Domain	 ﾠStructure	 ﾠof	 ﾠSpt6	 ﾠ
Although	 ﾠseveral	 ﾠfunctions	 ﾠof	 ﾠSpt6	 ﾠhave	 ﾠbeen	 ﾠdescribed,	 ﾠlittle	 ﾠis	 ﾠknown	 ﾠabout	 ﾠ
whether	 ﾠthese	 ﾠfunctions	 ﾠare	 ﾠassociated	 ﾠwith	 ﾠa	 ﾠparticular	 ﾠdomain	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠprotein.	 ﾠ	 ﾠ	 ﾠThis	 ﾠ
is	 ﾠan	 ﾠimportant	 ﾠissue	 ﾠinvestigated	 ﾠin	 ﾠChapter	 ﾠ2.	 ﾠ	 ﾠIn	 ﾠbudding	 ﾠyeast,	 ﾠSpt6	 ﾠis	 ﾠa	 ﾠlarge	 ﾠ168	 ﾠ
kilodalton	 ﾠ(kD)	 ﾠprotein	 ﾠcontaining	 ﾠ1451	 ﾠamino	 ﾠacids	 ﾠ(Swanson	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠAn	 ﾠalignment	 ﾠ
of	 ﾠSpt6	 ﾠamino	 ﾠacid	 ﾠsequences	 ﾠfrom	 ﾠS.	 ﾠcerevisiae,	 ﾠS.	 ﾠpombe,	 ﾠC.	 ﾠelegans,	 ﾠD.	 ﾠmelanogaster,	 ﾠDanio	 ﾠ
rerio,	 ﾠand	 ﾠHomo	 ﾠsapiens	 ﾠhas	 ﾠbeen	 ﾠanalyzed	 ﾠfor	 ﾠresidues	 ﾠ298	 ﾠthrough	 ﾠ1440	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠOf	 ﾠthese	 ﾠresidues,	 ﾠ42%	 ﾠare	 ﾠconserved,	 ﾠwith	 ﾠ10%	 ﾠbeing	 ﾠinvariant	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
S.	 ﾠcerevisiae	 ﾠSpt6	 ﾠhas	 ﾠbeen	 ﾠpredicted	 ﾠto	 ﾠcontain	 ﾠseveral	 ﾠdomains	 ﾠbased	 ﾠon	 ﾠsequence	 ﾠ
analysis	 ﾠand	 ﾠstructural	 ﾠinformation:	 ﾠan	 ﾠN-ﾭ‐terminal	 ﾠdomain,	 ﾠa	 ﾠhelix-ﾭ‐turn-ﾭ‐helix	 ﾠdomain,	 ﾠa	 ﾠ	 ﾠ 22	 ﾠ
YqgF	 ﾠhomology	 ﾠdomain,	 ﾠa	 ﾠhelix-ﾭ‐hairpin-ﾭ‐helix	 ﾠdomain,	 ﾠa	 ﾠdeath-ﾭ‐like	 ﾠdomain,	 ﾠan	 ﾠS1	 ﾠdomain	 ﾠ
and	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠ(Figure	 ﾠ1-ﾭ‐2A)	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDengl	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠJohnson	 ﾠet	 ﾠal.,	 ﾠ
2008).	 ﾠ
The	 ﾠcentral	 ﾠcore	 ﾠof	 ﾠSpt6	 ﾠ(indicated	 ﾠby	 ﾠthe	 ﾠdashed	 ﾠbox	 ﾠin	 ﾠFigure	 ﾠ1-ﾭ‐2A)	 ﾠhas	 ﾠ
approximately	 ﾠ25%	 ﾠpairwise	 ﾠsequence	 ﾠidentity	 ﾠwith	 ﾠthe	 ﾠTex	 ﾠbacterial	 ﾠtranscription	 ﾠfactor,	 ﾠ
which	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠtoxin	 ﾠexpression	 ﾠin	 ﾠPseudomonas	 ﾠaeruginosa	 ﾠ(Johnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
This	 ﾠsimilarity	 ﾠto	 ﾠa	 ﾠbacterial	 ﾠtranscription	 ﾠfactor	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠcentral	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠ
not	 ﾠinvolved	 ﾠin	 ﾠnucleosome-ﾭ‐related	 ﾠfunctions	 ﾠand	 ﾠrepresents	 ﾠa	 ﾠmore	 ﾠancestral	 ﾠprotein	 ﾠ
scaffold	 ﾠconserved	 ﾠfrom	 ﾠprokaryotes	 ﾠto	 ﾠeukaryotes	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDengl	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠ
Johnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThe	 ﾠP.	 ﾠaeruginosa	 ﾠTex	 ﾠprotein	 ﾠstructure	 ﾠhas	 ﾠbeen	 ﾠsolved	 ﾠat	 ﾠ2.3	 ﾠÅ	 ﾠ
resolution	 ﾠand	 ﾠrevealed	 ﾠan	 ﾠelongated	 ﾠhelical	 ﾠprotein	 ﾠmade	 ﾠup	 ﾠof	 ﾠputative	 ﾠnucleic	 ﾠacid	 ﾠ
binding	 ﾠdomains	 ﾠ(Johnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThis	 ﾠprokaryotic	 ﾠstructure	 ﾠoffered	 ﾠsome	 ﾠinitial	 ﾠ
insight	 ﾠinto	 ﾠa	 ﾠpossible	 ﾠstructure	 ﾠfor	 ﾠSpt6	 ﾠ(Johnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ	 ﾠ
More	 ﾠrecently,	 ﾠa	 ﾠnearly	 ﾠcomplete	 ﾠstructure	 ﾠof	 ﾠS.	 ﾠcerevisiae	 ﾠSpt6	 ﾠwas	 ﾠsolved	 ﾠusing	 ﾠ
combined	 ﾠdata	 ﾠfrom	 ﾠthree	 ﾠindependently	 ﾠdetermined	 ﾠpartial	 ﾠstructures	 ﾠcrystallized	 ﾠat	 ﾠ2.7-ﾭ‐
3.3	 ﾠÅ	 ﾠresolution	 ﾠ(Figure	 ﾠ1-ﾭ‐2B)	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠSimilar	 ﾠto	 ﾠTex,	 ﾠthis	 ﾠstructure	 ﾠindicates	 ﾠ
that	 ﾠS.	 ﾠcerevisiae	 ﾠSpt6	 ﾠis	 ﾠmostly	 ﾠhelical	 ﾠand	 ﾠorganized	 ﾠaround	 ﾠa	 ﾠsingle	 ﾠ80	 ﾠÅ	 ﾠhelix	 ﾠat	 ﾠthe	 ﾠ
center	 ﾠof	 ﾠthe	 ﾠprotein	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠcentral	 ﾠcore	 ﾠdomains	 ﾠof	 ﾠSpt6	 ﾠ(the	 ﾠHtH,	 ﾠYqgF,	 ﾠ
HhH	 ﾠand	 ﾠS1	 ﾠdomains)	 ﾠgenerally	 ﾠresemble	 ﾠthose	 ﾠof	 ﾠthe	 ﾠTex	 ﾠprotein	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
However,	 ﾠwhile	 ﾠthe	 ﾠHtH,	 ﾠYqgF	 ﾠand	 ﾠHhH	 ﾠdomains	 ﾠhave	 ﾠsimilar	 ﾠstructures	 ﾠand	 ﾠlocations	 ﾠin	 ﾠ
both	 ﾠSpt6	 ﾠand	 ﾠTex,	 ﾠthe	 ﾠSpt6	 ﾠS1	 ﾠdomain	 ﾠis	 ﾠrotated	 ﾠ80°	 ﾠand	 ﾠmoved	 ﾠapproximately	 ﾠ30	 ﾠÅ	 ﾠin	 ﾠ
relation	 ﾠto	 ﾠits	 ﾠTex	 ﾠcounterpart	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠJohnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠwhile	 ﾠ
both	 ﾠSpt6	 ﾠand	 ﾠTex	 ﾠbind	 ﾠDNA,	 ﾠTex	 ﾠrequires	 ﾠthe	 ﾠS1	 ﾠdomain	 ﾠfor	 ﾠthis	 ﾠactivity	 ﾠwhile	 ﾠSpt6	 ﾠdoes	 ﾠ	 ﾠ 23	 ﾠ
	 ﾠ
Figure	 ﾠ1-ﾭ2:	 ﾠDomains	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠA.	 ﾠDiagram	 ﾠof	 ﾠSpt6	 ﾠand	 ﾠits	 ﾠknown	 ﾠdomains.	 ﾠ	 ﾠS.	 ﾠcerevisiae	 ﾠ
Spt6	 ﾠis	 ﾠ1451	 ﾠamino	 ﾠacids	 ﾠlong.	 ﾠ	 ﾠThe	 ﾠdashed	 ﾠbox	 ﾠindicates	 ﾠthe	 ﾠcentral	 ﾠcore	 ﾠof	 ﾠSpt6	 ﾠwhich	 ﾠhas	 ﾠ
approximately	 ﾠ25%	 ﾠpairwise	 ﾠsequence	 ﾠidentity	 ﾠwith	 ﾠthe	 ﾠP.	 ﾠaeroginosa	 ﾠTex	 ﾠtranscription	 ﾠ
factor.	 ﾠ	 ﾠB.	 ﾠModel	 ﾠof	 ﾠthe	 ﾠcrystal	 ﾠstructure	 ﾠof	 ﾠSpt6	 ﾠ(amino	 ﾠacids	 ﾠ298-ﾭ‐1451),	 ﾠcolored	 ﾠby	 ﾠdomain	 ﾠ
according	 ﾠto	 ﾠthe	 ﾠdiagram	 ﾠin	 ﾠPart	 ﾠA	 ﾠabove	 ﾠit.	 ﾠ	 ﾠThe	 ﾠN-ﾭ‐terminal	 ﾠdomain	 ﾠunstructured	 ﾠregion	 ﾠis	 ﾠ
not	 ﾠshown.	 ﾠ	 ﾠThe	 ﾠSpt6	 ﾠcrystal	 ﾠstructure	 ﾠis	 ﾠshown	 ﾠwith	 ﾠthe	 ﾠpermission	 ﾠof	 ﾠChristopher	 ﾠHill.	 ﾠ
(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠJohnson	 ﾠet	 ﾠal.,	 ﾠ2008)	 ﾠ	 ﾠ 24	 ﾠ
not	 ﾠ(discussed	 ﾠbelow)	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠJohnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠgeneral,	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠ
Spt6	 ﾠcentral	 ﾠcore	 ﾠstructure	 ﾠresembles	 ﾠits	 ﾠprokaryotic	 ﾠhomologue	 ﾠin	 ﾠP.	 ﾠaeruginosa	 ﾠwith	 ﾠthe	 ﾠ
exception	 ﾠof	 ﾠalterations	 ﾠin	 ﾠthe	 ﾠS1	 ﾠdomain.	 ﾠ
Drawing	 ﾠfrom	 ﾠthese	 ﾠstudies	 ﾠand	 ﾠother	 ﾠwork	 ﾠon	 ﾠthe	 ﾠSpt6	 ﾠC-ﾭ‐terminal	 ﾠregion	 ﾠ(Diebold	 ﾠet	 ﾠ
al.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010),	 ﾠI	 ﾠsummarize	 ﾠbelow	 ﾠthe	 ﾠcurrent	 ﾠknowledge	 ﾠof	 ﾠ
the	 ﾠdomain	 ﾠstructure	 ﾠof	 ﾠSpt6	 ﾠ(Table	 ﾠ1-ﾭ‐2).	 ﾠ	 ﾠIt	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠalthough	 ﾠmost	 ﾠSpt6	 ﾠ
domains	 ﾠwere	 ﾠdefined	 ﾠbased	 ﾠon	 ﾠstructural	 ﾠor	 ﾠsequence	 ﾠsimilarity	 ﾠto	 ﾠpreviously	 ﾠ
characterized	 ﾠdomains,	 ﾠmost	 ﾠSpt6	 ﾠdomains	 ﾠare	 ﾠincompatible	 ﾠwith	 ﾠtheir	 ﾠpredicted	 ﾠfunction	 ﾠ
because	 ﾠof	 ﾠsteric	 ﾠclash	 ﾠwith	 ﾠpredicted	 ﾠbinding	 ﾠpartners	 ﾠor	 ﾠlack	 ﾠof	 ﾠrequired	 ﾠcatalytic	 ﾠ
residues	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
	 ﾠ
N-ﾭterminal	 ﾠDomain	 ﾠ
The	 ﾠN-ﾭ‐terminal	 ﾠdomain	 ﾠ(NTD)	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠcomprised	 ﾠof	 ﾠthe	 ﾠfirst	 ﾠ297	 ﾠamino	 ﾠacids	 ﾠof	 ﾠ
Spt6,	 ﾠis	 ﾠhighly	 ﾠacidic	 ﾠwith	 ﾠa	 ﾠpredicted	 ﾠpI	 ﾠof	 ﾠ4.3,	 ﾠand	 ﾠis	 ﾠbelieved	 ﾠto	 ﾠbe	 ﾠdisordered	 ﾠin	 ﾠthe	 ﾠ
absence	 ﾠof	 ﾠbinding	 ﾠpartners	 ﾠ(Figure	 ﾠ1-ﾭ‐2A,	 ﾠlight	 ﾠblue;	 ﾠnot	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ1-ﾭ‐2B)	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠDue	 ﾠto	 ﾠthe	 ﾠdisordered	 ﾠnature	 ﾠof	 ﾠthis	 ﾠregion,	 ﾠthe	 ﾠNTD	 ﾠstructure	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠsolved	 ﾠ
and	 ﾠis	 ﾠnot	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ1-ﾭ‐2B.	 ﾠ	 ﾠAs	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ2,	 ﾠresidues	 ﾠ229-ﾭ‐269	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠ
NTD	 ﾠare	 ﾠrequired	 ﾠfor	 ﾠbinding	 ﾠto	 ﾠthe	 ﾠtranscription	 ﾠfactor	 ﾠSpn1	 ﾠand	 ﾠto	 ﾠnucleosomes	 ﾠin	 ﾠa	 ﾠ
mutually	 ﾠexclusive	 ﾠfashion	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a;	 ﾠMcDonald	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠDeletion	 ﾠof	 ﾠthe	 ﾠ
region	 ﾠencoding	 ﾠthe	 ﾠfirst	 ﾠ205	 ﾠamino	 ﾠacids	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠNTD	 ﾠis	 ﾠlethal,	 ﾠwhile	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠ
region	 ﾠencoding	 ﾠthe	 ﾠfirst	 ﾠ122	 ﾠamino	 ﾠacids	 ﾠis	 ﾠsynthetically	 ﾠlethal	 ﾠwhen	 ﾠcombined	 ﾠwith	 ﾠ
deletions	 ﾠof	 ﾠgenes	 ﾠencoding	 ﾠcomponents	 ﾠof	 ﾠthe	 ﾠPaf1	 ﾠtranscription	 ﾠfactor	 ﾠcomplex	 ﾠ(Kaplan	 ﾠ
et	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠIt	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠspt6	 ﾠmutants	 ﾠencoding	 ﾠa	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠHhH	 ﾠdomain	 ﾠ	 ﾠ 25	 ﾠ
Table	 ﾠ1-ﾭ2:	 ﾠFunction	 ﾠof	 ﾠdomains	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠSummary	 ﾠof	 ﾠcurrent	 ﾠknowledge	 ﾠof	 ﾠthe	 ﾠfunctions	 ﾠ
of	 ﾠthe	 ﾠdomains	 ﾠof	 ﾠSpt6.	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠ	 ﾠ
	 ﾠ	 ﾠ 26	 ﾠ
or	 ﾠthe	 ﾠlast	 ﾠC-ﾭ‐terminal	 ﾠ170	 ﾠamino	 ﾠacids	 ﾠare	 ﾠalso	 ﾠlethal	 ﾠwhen	 ﾠcombined	 ﾠwith	 ﾠdeletions	 ﾠof	 ﾠ
genes	 ﾠencoding	 ﾠPaf1	 ﾠcomplex	 ﾠcomponents	 ﾠ(Kaplan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠAltogether,	 ﾠthis	 ﾠsuggests	 ﾠa	 ﾠ
model	 ﾠwhereby	 ﾠthe	 ﾠSpt6	 ﾠNTD	 ﾠand	 ﾠits	 ﾠinteraction	 ﾠwith	 ﾠSpn1	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠregulating	 ﾠ
nucelosome	 ﾠbinding	 ﾠand	 ﾠSpn1	 ﾠmay	 ﾠact	 ﾠas	 ﾠa	 ﾠswitch	 ﾠfor	 ﾠnucleosome	 ﾠdisengagement.	 ﾠ	 ﾠThe	 ﾠ
effects	 ﾠof	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠSpt6	 ﾠNTD	 ﾠare	 ﾠdiscussed	 ﾠextensively	 ﾠin	 ﾠChapter	 ﾠ2.	 ﾠ
	 ﾠ
Helix-ﾭturn-ﾭhelix	 ﾠDomain	 ﾠ
The	 ﾠHelix-ﾭ‐turn-ﾭ‐helix	 ﾠ(HtH)	 ﾠdomain	 ﾠof	 ﾠSpt6	 ﾠ(residues	 ﾠ336-ﾭ‐442;	 ﾠFigure	 ﾠ1-ﾭ‐2A,	 ﾠdark	 ﾠ
blue)	 ﾠwas	 ﾠfirst	 ﾠidentified	 ﾠbased	 ﾠon	 ﾠstructural	 ﾠinformation	 ﾠfrom	 ﾠthe	 ﾠSpt6	 ﾠhomologue	 ﾠTex	 ﾠin	 ﾠ
P.	 ﾠaeruginosa	 ﾠ(Johnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThis	 ﾠdomain	 ﾠwas	 ﾠalso	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠrecent	 ﾠS.	 ﾠ
cerevisiae	 ﾠstructure	 ﾠ(Figure	 ﾠ1-ﾭ‐2B,	 ﾠdark	 ﾠblue)	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠHtH	 ﾠdomains	 ﾠgenerally	 ﾠ
bind	 ﾠDNA	 ﾠand	 ﾠare	 ﾠfound	 ﾠin	 ﾠtranscription	 ﾠfactors	 ﾠ(for	 ﾠexample,	 ﾠsigma	 ﾠfactors	 ﾠand	 ﾠc-ﾭ‐Myb)	 ﾠ
(Aravind	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠHowever,	 ﾠunlike	 ﾠtypical	 ﾠHtH	 ﾠdomains,	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠSpt6	 ﾠHtH	 ﾠ
domain	 ﾠstructure	 ﾠis	 ﾠnot	 ﾠcompatible	 ﾠwith	 ﾠDNA	 ﾠbinding	 ﾠdue	 ﾠto	 ﾠthe	 ﾠsteric	 ﾠclash	 ﾠthat	 ﾠwould	 ﾠ
result	 ﾠbetween	 ﾠthe	 ﾠbound	 ﾠDNA	 ﾠmolecule	 ﾠand	 ﾠother	 ﾠportions	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠprotein	 ﾠstructure	 ﾠ
(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠTherefore,	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠthis	 ﾠdomain	 ﾠis	 ﾠstill	 ﾠunclear.	 ﾠ	 ﾠIn	 ﾠChapter	 ﾠ2	 ﾠof	 ﾠ
this	 ﾠdissertation,	 ﾠI	 ﾠdescribe	 ﾠa	 ﾠmutation	 ﾠin	 ﾠthis	 ﾠdomain	 ﾠthat	 ﾠcauses	 ﾠdecreased	 ﾠSpt6	 ﾠprotein	 ﾠ
levels.	 ﾠ
	 ﾠ
YqgF	 ﾠHomologous	 ﾠDomain	 ﾠ
This	 ﾠdomain	 ﾠ(residues	 ﾠ735-ﾭ‐887;	 ﾠFigure	 ﾠ1-ﾭ‐2A	 ﾠand	 ﾠB,	 ﾠred)	 ﾠwas	 ﾠidentified	 ﾠbased	 ﾠon	 ﾠits	 ﾠ
sequence	 ﾠsimilarity	 ﾠto	 ﾠthe	 ﾠE.	 ﾠcoli	 ﾠYqgF	 ﾠprotein,	 ﾠRuvC	 ﾠHolliday	 ﾠjunction	 ﾠresolvases,	 ﾠand	 ﾠother	 ﾠ
RNase	 ﾠH-ﾭ‐fold	 ﾠnuclease	 ﾠdomains	 ﾠ(Ponting,	 ﾠ2002).	 ﾠ	 ﾠThis	 ﾠclass	 ﾠof	 ﾠdomains	 ﾠis	 ﾠtypically	 ﾠfound	 ﾠin	 ﾠ	 ﾠ 27	 ﾠ
nucleases	 ﾠinvolved	 ﾠin	 ﾠHolliday	 ﾠjunction	 ﾠresolution	 ﾠand	 ﾠDNA	 ﾠrecombination	 ﾠ(Aravind	 ﾠet	 ﾠal.,	 ﾠ
2000).	 ﾠ	 ﾠYqgF	 ﾠor	 ﾠYqgF-ﾭ‐like	 ﾠdomains	 ﾠare	 ﾠalso	 ﾠfound	 ﾠin	 ﾠ3’	 ﾠto	 ﾠ5’	 ﾠexonucleases,	 ﾠretroviral	 ﾠ
integrases,	 ﾠand	 ﾠDNA	 ﾠtransposon	 ﾠintegrases	 ﾠ(Aravind	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠYqgF	 ﾠ
homologous	 ﾠdomain	 ﾠof	 ﾠSpt6	 ﾠlacks	 ﾠthe	 ﾠcatalytic	 ﾠresidues	 ﾠnecessary	 ﾠfor	 ﾠnuclease	 ﾠactivity	 ﾠ
(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠTherefore,	 ﾠit	 ﾠis	 ﾠunlikely	 ﾠto	 ﾠact	 ﾠas	 ﾠa	 ﾠnuclease	 ﾠand	 ﾠits	 ﾠfunction	 ﾠis	 ﾠunique	 ﾠ
from	 ﾠthat	 ﾠof	 ﾠother	 ﾠYqgF	 ﾠdomains	 ﾠthat	 ﾠhave	 ﾠnuclease	 ﾠactivity.	 ﾠ
	 ﾠ
Helix-ﾭhairpin-ﾭhelix	 ﾠDomain	 ﾠ
Helix-ﾭ‐hairpin-ﾭ‐helix	 ﾠ(HhH)	 ﾠdomains	 ﾠare	 ﾠtypically	 ﾠinvolved	 ﾠin	 ﾠbinding	 ﾠdouble-ﾭ‐
stranded	 ﾠDNA	 ﾠ(dsDNA)	 ﾠalthough	 ﾠthey	 ﾠcan	 ﾠalso	 ﾠmediate	 ﾠprotein-ﾭ‐protein	 ﾠinteractions	 ﾠ(Shao	 ﾠ
and	 ﾠGrishin,	 ﾠ2000).	 ﾠ	 ﾠThe	 ﾠSpt6	 ﾠHhH	 ﾠdomain(residues	 ﾠ933-ﾭ‐1002;	 ﾠFigure	 ﾠ1-ﾭ‐2A	 ﾠand	 ﾠB,	 ﾠyellow)	 ﾠ
was	 ﾠidentified	 ﾠbased	 ﾠon	 ﾠsequence	 ﾠhomology	 ﾠ(Doherty	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠ	 ﾠRecent	 ﾠwork	 ﾠsuggests	 ﾠ
that	 ﾠthis	 ﾠdomain	 ﾠin	 ﾠSpt6	 ﾠmay	 ﾠactually	 ﾠcontain	 ﾠtwo	 ﾠtandem	 ﾠHhH	 ﾠdomains	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
Interestingly,	 ﾠa	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠ(residues	 ﾠ298-ﾭ‐325),	 ﾠimmediately	 ﾠadjacent	 ﾠto	 ﾠthe	 ﾠNTD	 ﾠ
described	 ﾠabove,	 ﾠwraps	 ﾠaround	 ﾠthe	 ﾠHhH	 ﾠdomain	 ﾠand	 ﾠmay	 ﾠprevent	 ﾠthe	 ﾠHhH	 ﾠdomain	 ﾠfrom	 ﾠ
binding	 ﾠdsDNA	 ﾠin	 ﾠthe	 ﾠtypical	 ﾠmanner	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠexact	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠHhH	 ﾠ
domain	 ﾠin	 ﾠSpt6	 ﾠis	 ﾠyet	 ﾠto	 ﾠbe	 ﾠdetermined.	 ﾠ	 ﾠDeletion	 ﾠof	 ﾠthe	 ﾠregion	 ﾠencoding	 ﾠthe	 ﾠHhH	 ﾠdomain	 ﾠ
(as	 ﾠin	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠdiscussed	 ﾠin	 ﾠChapters	 ﾠ1,	 ﾠ2,	 ﾠand	 ﾠ3)	 ﾠresults	 ﾠin	 ﾠa	 ﾠnumber	 ﾠof	 ﾠ
mutant	 ﾠphenotypes	 ﾠincluding	 ﾠtemperature-ﾭ‐sensitivity,	 ﾠcryptic	 ﾠinitiation,	 ﾠand	 ﾠan	 ﾠSpt-ﾭ‐	 ﾠ
phenotype	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ
	 ﾠ
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Death-ﾭlike	 ﾠDomain	 ﾠ
One	 ﾠof	 ﾠthe	 ﾠmost	 ﾠmysterious	 ﾠdomains	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠthe	 ﾠmost	 ﾠrecently	 ﾠidentified	 ﾠdomain	 ﾠ
(residues	 ﾠ1019-ﾭ‐1104;	 ﾠFigure	 ﾠ1-ﾭ‐2A	 ﾠand	 ﾠB,	 ﾠpurple),	 ﾠwhich	 ﾠis	 ﾠsimilar	 ﾠto	 ﾠa	 ﾠdeath	 ﾠdomain	 ﾠ(Close	 ﾠ
et	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠDeath	 ﾠdomains	 ﾠare	 ﾠgenerally	 ﾠimportant	 ﾠfor	 ﾠassembling	 ﾠand	 ﾠactivating	 ﾠ
apoptotic	 ﾠand	 ﾠinflammatory	 ﾠcomplexes	 ﾠ(Park	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠThe	 ﾠpurpose	 ﾠof	 ﾠthis	 ﾠdeath-ﾭ‐like	 ﾠ
domain	 ﾠ(DLD)	 ﾠin	 ﾠa	 ﾠhistone	 ﾠchaperone	 ﾠsuch	 ﾠas	 ﾠSpt6	 ﾠremains	 ﾠto	 ﾠbe	 ﾠdiscovered.	 ﾠ	 ﾠInterestingly,	 ﾠ
the	 ﾠDLD	 ﾠdomain	 ﾠis	 ﾠthe	 ﾠmost	 ﾠhighly	 ﾠconserved	 ﾠregion	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠprotein	 ﾠsurface	 ﾠand	 ﾠ




The	 ﾠS1	 ﾠdomain	 ﾠ(residues	 ﾠ1129-ﾭ‐1219;	 ﾠFigure	 ﾠ1-ﾭ‐2A	 ﾠand	 ﾠB,	 ﾠgreen)	 ﾠwas	 ﾠfirst	 ﾠidentified	 ﾠ
based	 ﾠon	 ﾠsequence	 ﾠhomology	 ﾠ(Ponting,	 ﾠ2002).	 ﾠ	 ﾠS1	 ﾠdomains	 ﾠtypically	 ﾠbind	 ﾠnucleic	 ﾠacids	 ﾠ
(Theobald	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠS1	 ﾠdomain	 ﾠin	 ﾠyeast	 ﾠSpt6	 ﾠis	 ﾠactually	 ﾠnot	 ﾠrequired	 ﾠfor	 ﾠ
dsDNA	 ﾠbinding	 ﾠand	 ﾠit	 ﾠlacks	 ﾠthe	 ﾠtypical	 ﾠS1	 ﾠnucleic	 ﾠacid	 ﾠbinding	 ﾠresidues	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
Therefore,	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠS1	 ﾠdomain	 ﾠin	 ﾠSpt6	 ﾠis	 ﾠuncertain.	 ﾠ
	 ﾠ
Tandem	 ﾠSH2	 ﾠDomains	 ﾠ
Src	 ﾠhomology	 ﾠ2	 ﾠ(SH2)	 ﾠdomains	 ﾠare	 ﾠvery	 ﾠcommon	 ﾠin	 ﾠmetazoans	 ﾠand	 ﾠgenerally	 ﾠ
recognize	 ﾠphosphorylated	 ﾠtyrosine	 ﾠresidues	 ﾠin	 ﾠsignal	 ﾠtransduction	 ﾠcascades	 ﾠ(Pawson,	 ﾠ
2004).	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠonly	 ﾠyeast	 ﾠprotein	 ﾠknown	 ﾠto	 ﾠcontain	 ﾠan	 ﾠSH2	 ﾠdomain	 ﾠis	 ﾠSpt6	 ﾠ
(Maclennan	 ﾠand	 ﾠShaw,	 ﾠ1993).	 ﾠ	 ﾠThis	 ﾠhas	 ﾠled	 ﾠto	 ﾠspeculation	 ﾠthat	 ﾠthe	 ﾠSpt6	 ﾠSH2	 ﾠdomain	 ﾠis	 ﾠa	 ﾠ
particularly	 ﾠunique	 ﾠor	 ﾠancestral	 ﾠSH2	 ﾠdomain	 ﾠ(Dengl	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠ	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 ﾠ 29	 ﾠ
As	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ2,	 ﾠa	 ﾠnumber	 ﾠof	 ﾠrecent	 ﾠstructural	 ﾠstudies	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠ
there	 ﾠare	 ﾠin	 ﾠfact	 ﾠnot	 ﾠone	 ﾠbut	 ﾠtwo	 ﾠSH2	 ﾠdomains	 ﾠ(residues	 ﾠ1250-ﾭ‐1440;	 ﾠFigure	 ﾠ1-ﾭ‐2A	 ﾠand	 ﾠB,	 ﾠ
orange)	 ﾠin	 ﾠtandem	 ﾠat	 ﾠthe	 ﾠC-ﾭ‐terminus	 ﾠof	 ﾠSpt6	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠ
al.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThe	 ﾠN-ﾭ‐terminal	 ﾠSH2	 ﾠdomain	 ﾠhas	 ﾠa	 ﾠtypical	 ﾠSH2	 ﾠdomain	 ﾠsequence	 ﾠ
and	 ﾠstructure	 ﾠwhile	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠSH2	 ﾠdomain	 ﾠis	 ﾠless	 ﾠtypical	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠ
al.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠAlthough	 ﾠits	 ﾠoverall	 ﾠsecondary	 ﾠstructure	 ﾠis	 ﾠthat	 ﾠ
of	 ﾠa	 ﾠstandard	 ﾠSH2	 ﾠdomain,	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠSH2	 ﾠdomain	 ﾠlacks	 ﾠsequence	 ﾠconservation	 ﾠwith	 ﾠ
other	 ﾠSH2	 ﾠdomains	 ﾠand	 ﾠhas	 ﾠan	 ﾠunusually	 ﾠshallow	 ﾠbinding	 ﾠpocket	 ﾠwith	 ﾠthe	 ﾠcritical	 ﾠbinding	 ﾠ
residues	 ﾠmissing	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠSpt6	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠare	 ﾠattached	 ﾠto	 ﾠthe	 ﾠ
Spt6	 ﾠcentral	 ﾠcore	 ﾠregion	 ﾠby	 ﾠa	 ﾠflexible	 ﾠlinker	 ﾠthat	 ﾠmay	 ﾠallow	 ﾠfor	 ﾠmore	 ﾠflexibility	 ﾠin	 ﾠ
interacting	 ﾠwith	 ﾠbinding	 ﾠpartners	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
The	 ﾠtandem	 ﾠSpt6	 ﾠSH2	 ﾠdomains	 ﾠare	 ﾠrequired	 ﾠfor	 ﾠbinding	 ﾠthe	 ﾠphosphorylated	 ﾠCTD	 ﾠof	 ﾠ
RNAPII	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
Specifically,	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠbind	 ﾠT1p,	 ﾠS2p,	 ﾠS5p,	 ﾠand	 ﾠS7p	 ﾠphosphorylated	 ﾠRNAPII	 ﾠCTD,	 ﾠ
with	 ﾠa	 ﾠparticularly	 ﾠstrong	 ﾠaffinity	 ﾠfor	 ﾠT1p	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMayer	 ﾠet	 ﾠ
al.,	 ﾠ2012;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠMutations	 ﾠthat	 ﾠchange	 ﾠthe	 ﾠproposed	 ﾠbinding	 ﾠresidues	 ﾠwithin	 ﾠthe	 ﾠ
SH2	 ﾠdomains	 ﾠdecrease	 ﾠbinding	 ﾠwith	 ﾠthe	 ﾠRNAPII	 ﾠCTD	 ﾠpartially	 ﾠbut	 ﾠnot	 ﾠcompletely,	 ﾠ
suggesting	 ﾠthat	 ﾠeach	 ﾠresidue	 ﾠonly	 ﾠpartly	 ﾠcontributes	 ﾠto	 ﾠRNAPII	 ﾠCTD	 ﾠbinding	 ﾠor	 ﾠthat	 ﾠnot	 ﾠall	 ﾠ
key	 ﾠbinding	 ﾠresidues	 ﾠhave	 ﾠbeen	 ﾠidentified	 ﾠyet	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ	 ﾠ
More	 ﾠdetailed	 ﾠphenotypic	 ﾠanalysis	 ﾠof	 ﾠSH2	 ﾠdomain	 ﾠdeletions	 ﾠis	 ﾠdescribed	 ﾠin	 ﾠChapter	 ﾠ2.	 ﾠ
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Nucleic	 ﾠAcid	 ﾠBinding	 ﾠCapability	 ﾠ
Previous	 ﾠwork	 ﾠwith	 ﾠthe	 ﾠTex	 ﾠhomologue	 ﾠof	 ﾠSpt6	 ﾠdemonstrated	 ﾠthat	 ﾠTex	 ﾠbinds	 ﾠnucleic	 ﾠ
acids	 ﾠ(ssRNA,	 ﾠdsRNA,	 ﾠssDNA,	 ﾠand	 ﾠdsDNA)	 ﾠin	 ﾠvitro	 ﾠwith	 ﾠa	 ﾠstrong	 ﾠpreference	 ﾠfor	 ﾠssRNA	 ﾠ
(Johnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThe	 ﾠS1	 ﾠdomain	 ﾠwas	 ﾠrequired	 ﾠfor	 ﾠthis	 ﾠnucleic	 ﾠacid	 ﾠbinding	 ﾠ(Johnson	 ﾠ
et	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠHowever,	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠSpt6,	 ﾠthe	 ﾠstory	 ﾠis	 ﾠquite	 ﾠdifferent.	 ﾠ	 ﾠThe	 ﾠcentral	 ﾠcore	 ﾠof	 ﾠ
Spt6	 ﾠ(containing	 ﾠthe	 ﾠHtH,	 ﾠYqgF,	 ﾠHhH,	 ﾠand	 ﾠDLD	 ﾠdomains)	 ﾠbinds	 ﾠdsDNA	 ﾠand	 ﾠthe	 ﾠS1	 ﾠdomain	 ﾠis	 ﾠ
not	 ﾠrequired	 ﾠfor	 ﾠthis	 ﾠactivity	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠFuture	 ﾠstudies	 ﾠare	 ﾠneeded	 ﾠto	 ﾠdetermine	 ﾠ
whether	 ﾠyeast	 ﾠSpt6	 ﾠbinds	 ﾠRNA	 ﾠand	 ﾠto	 ﾠdetermine	 ﾠwhich	 ﾠcentral	 ﾠcore	 ﾠdomain	 ﾠis	 ﾠresponsible	 ﾠ
for	 ﾠdsDNA	 ﾠbinding.	 ﾠ	 ﾠSurprisingly,	 ﾠa	 ﾠshorter	 ﾠSpt6	 ﾠN-ﾭ‐terminal	 ﾠtruncation	 ﾠconstruct	 ﾠ(residues	 ﾠ
315-ﾭ‐1451)	 ﾠbound	 ﾠdsDNA	 ﾠwith	 ﾠa	 ﾠhigher	 ﾠaffinity	 ﾠthan	 ﾠfull-ﾭ‐length	 ﾠSpt6	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
This	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠN-ﾭ‐terminus	 ﾠof	 ﾠSpt6	 ﾠdiminishes	 ﾠdsDNA	 ﾠbinding,	 ﾠperhaps	 ﾠthrough	 ﾠ




Discovery	 ﾠof	 ﾠSpn1	 ﾠ
SPN1	 ﾠ(Suppresses	 ﾠPostrecruitment	 ﾠfunctions	 ﾠgene	 ﾠNumber	 ﾠ1)	 ﾠwas	 ﾠoriginally	 ﾠ
isolated	 ﾠfrom	 ﾠa	 ﾠscreen	 ﾠfor	 ﾠsuppressors	 ﾠof	 ﾠa	 ﾠspecific	 ﾠdefect	 ﾠin	 ﾠTATA-ﾭ‐Binding	 ﾠProtein	 ﾠ(TBP)	 ﾠ
that	 ﾠimpaired	 ﾠa	 ﾠpost-ﾭ‐recruitment	 ﾠdefect	 ﾠin	 ﾠtranscription	 ﾠactivation	 ﾠ(Fischbeck	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠ
In	 ﾠall	 ﾠorganisms	 ﾠother	 ﾠthan	 ﾠS.	 ﾠcerevisiae,	 ﾠSpn1	 ﾠis	 ﾠknown	 ﾠas	 ﾠIws1	 ﾠ(Interacts	 ﾠWith	 ﾠSpt6;	 ﾠ
(Krogan	 ﾠet	 ﾠal.,	 ﾠ2002));	 ﾠit	 ﾠwill	 ﾠbe	 ﾠreferred	 ﾠto	 ﾠas	 ﾠSpn1	 ﾠthroughout	 ﾠthis	 ﾠdissertation.	 ﾠ	 ﾠMutations	 ﾠ
in	 ﾠSPN1	 ﾠalso	 ﾠalter	 ﾠRNAPII	 ﾠtranscription	 ﾠat	 ﾠsome	 ﾠbut	 ﾠnot	 ﾠall	 ﾠinducible	 ﾠgenes,	 ﾠincreasing	 ﾠCYC1	 ﾠ
transcription	 ﾠunder	 ﾠpartially	 ﾠrepressing	 ﾠand	 ﾠactivating	 ﾠconditions	 ﾠand	 ﾠdecreasing	 ﾠHIS3	 ﾠ	 ﾠ 31	 ﾠ
transcription	 ﾠunder	 ﾠinducing	 ﾠconditions	 ﾠ(no	 ﾠeffects	 ﾠwere	 ﾠseen	 ﾠat	 ﾠGAL7	 ﾠor	 ﾠSSA4)	 ﾠ(Fischbeck	 ﾠ
et	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠspn1	 ﾠmutants	 ﾠhave	 ﾠminimal	 ﾠeffects	 ﾠon	 ﾠa	 ﾠsubset	 ﾠof	 ﾠconstitutively	 ﾠ
expressed	 ﾠgenes	 ﾠincluding	 ﾠHTA2,	 ﾠRPS4,	 ﾠand	 ﾠENO2	 ﾠ(Fischbeck	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠOverall,	 ﾠthese	 ﾠ
findings	 ﾠsuggest	 ﾠthat	 ﾠSPN1	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠtranscriptional	 ﾠregulation	 ﾠof	 ﾠa	 ﾠsubset	 ﾠof	 ﾠgenes.	 ﾠ	 ﾠ
SPN1	 ﾠwas	 ﾠsubsequently	 ﾠshown	 ﾠto	 ﾠencode	 ﾠa	 ﾠ46	 ﾠkD	 ﾠprotein	 ﾠessential	 ﾠfor	 ﾠviability	 ﾠin	 ﾠbudding	 ﾠ
yeast	 ﾠand	 ﾠconserved	 ﾠamong	 ﾠeukaryotes	 ﾠ(Fischbeck	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠZhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
Interestingly,	 ﾠSPN1	 ﾠis	 ﾠnot	 ﾠessential	 ﾠfor	 ﾠviability	 ﾠin	 ﾠS.	 ﾠpombe	 ﾠ(Kiely	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
	 ﾠ
Biological	 ﾠRoles	 ﾠof	 ﾠSpn1	 ﾠ
Spn1	 ﾠphysically	 ﾠinteracts	 ﾠwith	 ﾠSpt6,	 ﾠSpt5,	 ﾠand	 ﾠRNAPII,	 ﾠand	 ﾠspn1	 ﾠmutations	 ﾠconfer	 ﾠan	 ﾠ
Spt-ﾭ‐	 ﾠmutant	 ﾠphenotype	 ﾠ(Fischbeck	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠLindstrom	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠZhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
As	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ2,	 ﾠSpn1	 ﾠwas	 ﾠfound	 ﾠto	 ﾠbind	 ﾠto	 ﾠSpt6	 ﾠwithin	 ﾠa	 ﾠsection	 ﾠof	 ﾠthe	 ﾠN-ﾭ‐
terminal	 ﾠdomain	 ﾠof	 ﾠSpt6	 ﾠthat	 ﾠalso	 ﾠbinds	 ﾠhistones	 ﾠin	 ﾠa	 ﾠmutually	 ﾠexclusive	 ﾠfashion	 ﾠ(Diebold	 ﾠet	 ﾠ
al.,	 ﾠ2010a;	 ﾠMcDonald	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠSpn1	 ﾠappears	 ﾠto	 ﾠblock	 ﾠSpt6-ﾭ‐nucleosome	 ﾠcomplex	 ﾠ
formation	 ﾠdirectly	 ﾠthrough	 ﾠcovering	 ﾠthe	 ﾠrequired	 ﾠbinding	 ﾠsite	 ﾠon	 ﾠSpt6	 ﾠ(McDonald	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠ	 ﾠInterestingly,	 ﾠSpt6	 ﾠand	 ﾠSpn1	 ﾠhave	 ﾠdifferent	 ﾠgenomic	 ﾠrecruitment	 ﾠprofiles	 ﾠeven	 ﾠ
though	 ﾠthey	 ﾠare	 ﾠboth	 ﾠassociated	 ﾠwith	 ﾠelongating	 ﾠRNAPII	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
Although	 ﾠtheir	 ﾠfunctions	 ﾠdo	 ﾠnot	 ﾠcompletely	 ﾠoverlap,	 ﾠSpn1	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠmany	 ﾠ
similar	 ﾠprocesses	 ﾠto	 ﾠSpt6,	 ﾠincluding	 ﾠhistone	 ﾠmodification,	 ﾠtranscription	 ﾠregulation,	 ﾠand	 ﾠ
mRNA	 ﾠprocessing	 ﾠand	 ﾠexport	 ﾠ(Fischbeck	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠKrogan	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠLindstrom	 ﾠet	 ﾠal.,	 ﾠ
2003;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠZhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠInterestingly,	 ﾠSpn1	 ﾠbinds	 ﾠSpt6	 ﾠ
in	 ﾠsome	 ﾠbut	 ﾠnot	 ﾠall	 ﾠcontexts	 ﾠ(Lindstrom	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠZhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
For	 ﾠexample,	 ﾠSpt6	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠthree	 ﾠdifferent	 ﾠSpt5-ﾭ‐RNAPII	 ﾠcomplexes	 ﾠwhile	 ﾠSpn1	 ﾠco-ﾭ‐	 ﾠ 32	 ﾠ
immunopurifies	 ﾠwith	 ﾠonly	 ﾠtwo	 ﾠof	 ﾠthese	 ﾠ(Lindstrom	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠThese	 ﾠthree	 ﾠRNAPII	 ﾠ
complexes	 ﾠinclude	 ﾠ1)	 ﾠhypophosphorylated	 ﾠRNAPIIA,	 ﾠ2)	 ﾠhyperphosphorylated	 ﾠRNAPIIO	 ﾠwith	 ﾠ
Abd1	 ﾠ(the	 ﾠcap	 ﾠmethyltransferase)	 ﾠand	 ﾠa	 ﾠnumber	 ﾠof	 ﾠcapping	 ﾠenzymes	 ﾠbound,	 ﾠand	 ﾠ3)	 ﾠ
hyperphosphorylated	 ﾠRNAPIIO	 ﾠbinding	 ﾠCdc68/Pob3	 ﾠbut	 ﾠno	 ﾠlonger	 ﾠassociated	 ﾠwith	 ﾠSpn1,	 ﾠ
Abd1	 ﾠor	 ﾠother	 ﾠcapping	 ﾠenzymes	 ﾠ(Lindstrom	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠmicroarray	 ﾠdata	 ﾠ
indicates	 ﾠthat	 ﾠspn1	 ﾠand	 ﾠspt6	 ﾠmutants	 ﾠaffect	 ﾠoverlapping	 ﾠbut	 ﾠdistinct	 ﾠsets	 ﾠof	 ﾠgenes,	 ﾠ
suggesting	 ﾠthat	 ﾠSpn1	 ﾠand	 ﾠSpt6	 ﾠmay	 ﾠhave	 ﾠsome	 ﾠdistinct	 ﾠroles	 ﾠ(Burckin	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ
Spn1	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠinteract	 ﾠwith	 ﾠa	 ﾠwide	 ﾠarray	 ﾠof	 ﾠother	 ﾠtranscription	 ﾠfactors	 ﾠ
and	 ﾠtranscription-ﾭ‐associated	 ﾠproteins.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠhuman	 ﾠSpn1/IWS1	 ﾠhas	 ﾠbeen	 ﾠ
implicated	 ﾠin	 ﾠbinding	 ﾠthe	 ﾠtranscription	 ﾠelongation	 ﾠfactor	 ﾠTFIIS	 ﾠin	 ﾠvitro	 ﾠand	 ﾠmay	 ﾠbe	 ﾠ
responsible	 ﾠfor	 ﾠTFIIS	 ﾠnuclear	 ﾠlocalization	 ﾠ(Ling	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ	 ﾠSpn1	 ﾠalso	 ﾠbinds	 ﾠPRMT5,	 ﾠthe	 ﾠ
protein	 ﾠarginine	 ﾠmethyltransferase	 ﾠwhich	 ﾠmethylates	 ﾠthe	 ﾠtranscription	 ﾠelongation	 ﾠfactor	 ﾠ
Spt5,	 ﾠregulating	 ﾠthe	 ﾠinteraction	 ﾠof	 ﾠSpt5	 ﾠwith	 ﾠRNAPII	 ﾠ(Liu	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠSpn1	 ﾠis	 ﾠ
involved	 ﾠin	 ﾠArabidopsis	 ﾠthaliana	 ﾠplant	 ﾠsteroid-ﾭ‐induced	 ﾠgene	 ﾠexpression,	 ﾠpartially	 ﾠthrough	 ﾠ
interaction	 ﾠwith	 ﾠthe	 ﾠBES1	 ﾠtranscription	 ﾠfactor	 ﾠthat	 ﾠrecruits	 ﾠSpn1	 ﾠto	 ﾠpromoters	 ﾠand	 ﾠ
transcribed	 ﾠregions	 ﾠof	 ﾠtarget	 ﾠgenes	 ﾠunder	 ﾠinduced	 ﾠconditions	 ﾠ(Li	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThese	 ﾠ
findings	 ﾠillustrate	 ﾠthat	 ﾠSpn1	 ﾠis	 ﾠa	 ﾠcrucial	 ﾠtranscription	 ﾠfactor	 ﾠin	 ﾠhumans	 ﾠand	 ﾠArabidopsis	 ﾠas	 ﾠ
well	 ﾠas	 ﾠyeast,	 ﾠand	 ﾠappears	 ﾠto	 ﾠcoordinate	 ﾠa	 ﾠnumber	 ﾠof	 ﾠimportant	 ﾠtranscription	 ﾠfactors	 ﾠ
including	 ﾠTFIIS.	 ﾠ
Additional	 ﾠexperiments	 ﾠraise	 ﾠthe	 ﾠpossibility	 ﾠthat	 ﾠSpn1	 ﾠmay	 ﾠalso	 ﾠhave	 ﾠa	 ﾠrole	 ﾠin	 ﾠ
repressing	 ﾠcryptic	 ﾠinitiation.	 ﾠ	 ﾠHuman	 ﾠSpn1/IWS1	 ﾠrecruits	 ﾠHYPG/Setd2	 ﾠhistone	 ﾠ
methyltransferase	 ﾠto	 ﾠactively	 ﾠtranscribing	 ﾠRNAPII	 ﾠand	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠH3K36	 ﾠ
trimethylation	 ﾠacross	 ﾠc-ﾭMyc,	 ﾠHIV-ﾭ1,	 ﾠand	 ﾠPABPC1	 ﾠORFs	 ﾠ(Yoh	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠyeast,	 ﾠH3K36	 ﾠ	 ﾠ 33	 ﾠ
trimethylation	 ﾠrecruits	 ﾠRpd3-ﾭ‐type	 ﾠhistone	 ﾠdeacetylases	 ﾠthat	 ﾠreestablish	 ﾠhypoacetylated	 ﾠ
reassembled	 ﾠchromatin	 ﾠand	 ﾠprevent	 ﾠcryptic	 ﾠand	 ﾠother	 ﾠintragenic	 ﾠtranscription	 ﾠ(Carrozza	 ﾠet	 ﾠ
al.,	 ﾠ2005;	 ﾠKeogh	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠLee	 ﾠand	 ﾠShilatifard,	 ﾠ2007).	 ﾠ	 ﾠDepletion	 ﾠof	 ﾠhuman	 ﾠSpn1/IWS1	 ﾠin	 ﾠ
vivo	 ﾠalso	 ﾠincreases	 ﾠH3K27	 ﾠtrimethylation	 ﾠat	 ﾠthe	 ﾠpromoter	 ﾠproximal	 ﾠregion	 ﾠof	 ﾠthe	 ﾠhuman	 ﾠ
PABPC1	 ﾠgene	 ﾠand	 ﾠincreases	 ﾠhistone	 ﾠH4	 ﾠacetylation	 ﾠover	 ﾠHIV-ﾭ1	 ﾠand	 ﾠPABPC1	 ﾠORFS	 ﾠand	 ﾠ
promoters	 ﾠ(Yoh	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠTherefore,	 ﾠit	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠSpn1	 ﾠhas	 ﾠa	 ﾠrole	 ﾠin	 ﾠcryptic	 ﾠ
initiation	 ﾠthat	 ﾠhas	 ﾠnot	 ﾠyet	 ﾠbeen	 ﾠdefined.	 ﾠ
Although	 ﾠthere	 ﾠis	 ﾠno	 ﾠtruly	 ﾠcomprehensive	 ﾠmodel	 ﾠtying	 ﾠtogether	 ﾠthe	 ﾠnumerous	 ﾠ
functions	 ﾠof	 ﾠSpn1	 ﾠin	 ﾠgene	 ﾠexpression,	 ﾠone	 ﾠmodel	 ﾠof	 ﾠSpn1	 ﾠfunction	 ﾠin	 ﾠtranscription	 ﾠinitiation	 ﾠ
has	 ﾠbeen	 ﾠproposed	 ﾠbased	 ﾠon	 ﾠstudies	 ﾠof	 ﾠits	 ﾠfunction	 ﾠat	 ﾠthe	 ﾠCYC1	 ﾠgene.	 ﾠ	 ﾠAt	 ﾠCYC1,	 ﾠRNAPII	 ﾠ
recruits	 ﾠSpn1	 ﾠand	 ﾠthe	 ﾠcurrent	 ﾠmodel	 ﾠis	 ﾠthat	 ﾠSpn1	 ﾠnegatively	 ﾠregulates	 ﾠRNAPII	 ﾠtranscription	 ﾠ
initiation	 ﾠby	 ﾠpreventing	 ﾠbinding	 ﾠof	 ﾠthe	 ﾠchromatin	 ﾠremodeler	 ﾠSwi/Snf	 ﾠ(Zhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
The	 ﾠsubsequent	 ﾠinteraction	 ﾠof	 ﾠSpn1	 ﾠwith	 ﾠSpt6	 ﾠallows	 ﾠbinding	 ﾠof	 ﾠSwi/Snf	 ﾠwhich	 ﾠcorrelates	 ﾠ
with	 ﾠinduced	 ﾠlevels	 ﾠof	 ﾠgene	 ﾠexpression,	 ﾠsuggesting	 ﾠthat	 ﾠthe	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteraction	 ﾠis	 ﾠ
important	 ﾠfor	 ﾠthe	 ﾠswitch	 ﾠfrom	 ﾠinactive	 ﾠto	 ﾠactive	 ﾠtranscription	 ﾠ(Zhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
Interestingly,	 ﾠCYC1	 ﾠtranscription	 ﾠis	 ﾠincreased	 ﾠin	 ﾠmicroarray	 ﾠdata	 ﾠsets	 ﾠfor	 ﾠboth	 ﾠspn1	 ﾠand	 ﾠspt6	 ﾠ
mutants	 ﾠ(Burckin	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠAlthough	 ﾠnot	 ﾠcomprehensive,	 ﾠthis	 ﾠmodel	 ﾠof	 ﾠaction	 ﾠof	 ﾠSpn1	 ﾠ
at	 ﾠthe	 ﾠCYC1	 ﾠgene	 ﾠsummarizes	 ﾠan	 ﾠaspect	 ﾠof	 ﾠSpn1	 ﾠfunction	 ﾠin	 ﾠtranscription	 ﾠinitiation.	 ﾠ
In	 ﾠaddition	 ﾠto	 ﾠits	 ﾠroles	 ﾠin	 ﾠgene	 ﾠexpression,	 ﾠSpn1	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠmRNA	 ﾠprocessing	 ﾠ
and	 ﾠexport.	 ﾠ	 ﾠSpn1	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠmRNA	 ﾠsplicing	 ﾠin	 ﾠS.	 ﾠcerevisiae,	 ﾠand	 ﾠin	 ﾠvivo	 ﾠknock-ﾭ‐down	 ﾠof	 ﾠ
human	 ﾠSpn1/IWS1	 ﾠleads	 ﾠto	 ﾠnuclear	 ﾠretention	 ﾠof	 ﾠpoly(A)+	 ﾠRNAs	 ﾠand	 ﾠabnormal	 ﾠmRNA	 ﾠ
processing	 ﾠ(Yoh	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠhuman	 ﾠSpn1	 ﾠbinds	 ﾠand	 ﾠhelps	 ﾠ
recruit	 ﾠthe	 ﾠRNA	 ﾠexport	 ﾠfactor	 ﾠREF1/Aly	 ﾠto	 ﾠthe	 ﾠc-ﾭMyc	 ﾠORF	 ﾠduring	 ﾠtranscription	 ﾠ(Yoh	 ﾠet	 ﾠal.,	 ﾠ	 ﾠ 34	 ﾠ
2007;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠOverall,	 ﾠSpn1	 ﾠappears	 ﾠto	 ﾠhave	 ﾠcrucial	 ﾠroles	 ﾠin	 ﾠboth	 ﾠtranscription	 ﾠ
and	 ﾠtranscription-ﾭ‐related	 ﾠprocesses	 ﾠsuch	 ﾠas	 ﾠmRNA	 ﾠprocessing	 ﾠand	 ﾠexport.	 ﾠ
	 ﾠ
IV. Spt6,	 ﾠDNA	 ﾠDamage	 ﾠRepair,	 ﾠand	 ﾠTranscription-ﾭassociated	 ﾠMutagenesis	 ﾠ
	 ﾠ
Brief	 ﾠOverview	 ﾠof	 ﾠDNA	 ﾠDamage	 ﾠand	 ﾠDouble-ﾭstrand	 ﾠBreak	 ﾠRepair	 ﾠ
Cells	 ﾠare	 ﾠconstantly	 ﾠexperiencing	 ﾠDNA	 ﾠdamage	 ﾠand	 ﾠdouble-ﾭ‐strand	 ﾠbreaks	 ﾠ(DSBs),	 ﾠ
whether	 ﾠfrom	 ﾠenvironmental	 ﾠor	 ﾠendogenous	 ﾠtoxins	 ﾠor	 ﾠfrom	 ﾠphysiological	 ﾠprocesses	 ﾠsuch	 ﾠas	 ﾠ
meiosis,	 ﾠyeast	 ﾠmating	 ﾠtype	 ﾠswitching,	 ﾠand	 ﾠV(D)J	 ﾠrecombination	 ﾠ(Gospodinov	 ﾠand	 ﾠHerceg,	 ﾠ
2013).	 ﾠ	 ﾠDNA	 ﾠdamage	 ﾠis	 ﾠextremely	 ﾠdisruptive	 ﾠto	 ﾠany	 ﾠorganism	 ﾠand,	 ﾠif	 ﾠleft	 ﾠunrepaired,	 ﾠcan	 ﾠ
lead	 ﾠto	 ﾠmutations,	 ﾠcell	 ﾠcycle	 ﾠarrest,	 ﾠcell	 ﾠdeath,	 ﾠand	 ﾠcancer	 ﾠdevelopment	 ﾠ(Gospodinov	 ﾠand	 ﾠ
Herceg,	 ﾠ2013;	 ﾠKinoshita	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠToh	 ﾠand	 ﾠLowndes,	 ﾠ2003).	 ﾠ
In	 ﾠS.	 ﾠcerevisiae,	 ﾠhomologous	 ﾠrecombination	 ﾠ(HR)	 ﾠis	 ﾠthe	 ﾠpreferred	 ﾠmethod	 ﾠof	 ﾠrepair	 ﾠ
for	 ﾠDSBs	 ﾠ(Lisby	 ﾠand	 ﾠRothstein,	 ﾠ2009).	 ﾠ	 ﾠIn	 ﾠHR,	 ﾠDSB	 ﾠdetection	 ﾠleads	 ﾠto	 ﾠrecruitment	 ﾠand	 ﾠ
activation	 ﾠof	 ﾠthe	 ﾠPI3K-ﾭ‐like	 ﾠkinases	 ﾠMec1	 ﾠand	 ﾠTel1,	 ﾠequivalents	 ﾠof	 ﾠmammalian	 ﾠATR	 ﾠand	 ﾠATM	 ﾠ
(Chen	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠLisby	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠLisby	 ﾠand	 ﾠRothstein,	 ﾠ2009;	 ﾠLonghese	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠ
Smolka	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ2013).	 ﾠ	 ﾠWith	 ﾠthe	 ﾠhelp	 ﾠof	 ﾠthe	 ﾠadaptor	 ﾠmolecules	 ﾠRad9	 ﾠ
and	 ﾠMrc1,	 ﾠMec1	 ﾠand	 ﾠTel1	 ﾠphosphorylate	 ﾠand	 ﾠactivate	 ﾠthe	 ﾠkinases	 ﾠChk1	 ﾠand	 ﾠRad53	 ﾠ(Chen	 ﾠet	 ﾠ
al.,	 ﾠ2007;	 ﾠLonghese	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠSmolka	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ2013).	 ﾠ	 ﾠThese	 ﾠ
kinases,	 ﾠin	 ﾠturn,	 ﾠregulate	 ﾠcell	 ﾠcycle	 ﾠarrest,	 ﾠtranscription	 ﾠof	 ﾠgenes	 ﾠinvolved	 ﾠin	 ﾠDNA	 ﾠrepair,	 ﾠ
replication	 ﾠfork	 ﾠstabilization,	 ﾠchromosome	 ﾠsegregation	 ﾠdelay,	 ﾠand	 ﾠrepair	 ﾠof	 ﾠDNA	 ﾠ(Smolka	 ﾠet	 ﾠ
al.,	 ﾠ2007;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ2013).	 ﾠ	 ﾠIn	 ﾠparticular,	 ﾠRad53	 ﾠappears	 ﾠto	 ﾠact	 ﾠthrough	 ﾠ
phosphorylation	 ﾠof	 ﾠDun1,	 ﾠa	 ﾠkinase	 ﾠthat	 ﾠplays	 ﾠa	 ﾠrole	 ﾠin	 ﾠcell	 ﾠcycle	 ﾠarrest	 ﾠ(Chen	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠ	 ﾠ 35	 ﾠ
Simultaneously,	 ﾠRad52	 ﾠis	 ﾠrecruited	 ﾠto	 ﾠDSBs,	 ﾠforming	 ﾠdistinct	 ﾠfoci	 ﾠand	 ﾠrecruiting	 ﾠmany	 ﾠ
proteins	 ﾠdirectly	 ﾠinvolved	 ﾠin	 ﾠrecombinational	 ﾠDNA	 ﾠrepair	 ﾠsuch	 ﾠas	 ﾠRad51	 ﾠand	 ﾠRad59	 ﾠ(Lisby	 ﾠ
et	 ﾠal.,	 ﾠ2004;	 ﾠLisby	 ﾠand	 ﾠRothstein,	 ﾠ2009).	 ﾠ
	 ﾠ
Chromatin	 ﾠRemodeling	 ﾠin	 ﾠDNA	 ﾠDamage	 ﾠRepair	 ﾠ
In	 ﾠrecent	 ﾠyears,	 ﾠit	 ﾠhas	 ﾠbecome	 ﾠclear	 ﾠthat	 ﾠchromatin	 ﾠremodeling	 ﾠhas	 ﾠa	 ﾠcrucial	 ﾠrole	 ﾠin	 ﾠ
the	 ﾠDNA	 ﾠdamage	 ﾠrepair	 ﾠ(DDR)	 ﾠpathway	 ﾠ(Gospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠSeeber	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠ
Tsabar	 ﾠand	 ﾠHaber,	 ﾠ2013;	 ﾠTsukuda	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠAs	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠtranscription,	 ﾠchromatin	 ﾠ
structure	 ﾠalso	 ﾠposes	 ﾠan	 ﾠobstacle	 ﾠto	 ﾠDDR,	 ﾠand	 ﾠthere	 ﾠare	 ﾠmany	 ﾠparallels	 ﾠbetween	 ﾠchromatin	 ﾠ
regulation	 ﾠin	 ﾠtranscription	 ﾠand	 ﾠin	 ﾠDDR,	 ﾠwith	 ﾠa	 ﾠnumber	 ﾠof	 ﾠthe	 ﾠkey	 ﾠplayers	 ﾠinvolved	 ﾠin	 ﾠboth	 ﾠ
(Gospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠHuertas	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠSeeber	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ
2013;	 ﾠTsukuda	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠA	 ﾠnumber	 ﾠof	 ﾠstudies	 ﾠindicate	 ﾠthat	 ﾠchanges	 ﾠin	 ﾠhistone	 ﾠstructure	 ﾠ
and	 ﾠmodifications	 ﾠare	 ﾠrequired	 ﾠto	 ﾠrecruit	 ﾠfactors	 ﾠnecessary	 ﾠfor	 ﾠDDR	 ﾠ(Groth	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠ
Tsukuda	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠA	 ﾠgrowing	 ﾠlist	 ﾠof	 ﾠhistone	 ﾠchaperones	 ﾠand	 ﾠchromatin	 ﾠremodeling	 ﾠ
complexes	 ﾠhave	 ﾠbeen	 ﾠimplicated	 ﾠin	 ﾠthis	 ﾠprocess,	 ﾠincluding	 ﾠArp4,	 ﾠHif1,	 ﾠCAF-ﾭ‐1,	 ﾠAsf1,	 ﾠDNMT1,	 ﾠ
Rad54,	 ﾠand	 ﾠthe	 ﾠISW1a,	 ﾠISW1b,	 ﾠISW2,	 ﾠCHD1,	 ﾠFUN30,	 ﾠINO80,	 ﾠSWR1,	 ﾠRSC,	 ﾠand	 ﾠSwi/Snf	 ﾠ
complexes	 ﾠ(De	 ﾠKoning	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠGospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠGroth	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠKim	 ﾠ
and	 ﾠHaber,	 ﾠ2009;	 ﾠSeeber	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ2013).	 ﾠ	 ﾠTheir	 ﾠroles	 ﾠin	 ﾠDDR	 ﾠinclude	 ﾠ
1)	 ﾠpromoting	 ﾠphosphorylation	 ﾠand	 ﾠRad51	 ﾠand	 ﾠMre11	 ﾠrecruitment	 ﾠat	 ﾠdamage	 ﾠsites,	 ﾠ2)	 ﾠ
chromatin	 ﾠrelaxation	 ﾠand	 ﾠhistone	 ﾠmobilization,	 ﾠ3)	 ﾠbinding	 ﾠand	 ﾠpropagating	 ﾠphosphorylated	 ﾠ
histone	 ﾠH2A	 ﾠ(equivalent	 ﾠto	 ﾠγH2A.X	 ﾠin	 ﾠvertebrates),	 ﾠ4)	 ﾠdirect	 ﾠroles	 ﾠin	 ﾠDNA	 ﾠend	 ﾠresection	 ﾠand	 ﾠ
priming	 ﾠbreaks	 ﾠfor	 ﾠrepair,	 ﾠ5)	 ﾠmaintaining	 ﾠthe	 ﾠG2/M	 ﾠcheckpoint	 ﾠand	 ﾠDNA	 ﾠdamage	 ﾠ	 ﾠ 36	 ﾠ
checkpoint,	 ﾠand	 ﾠ6)	 ﾠpromoting	 ﾠHR	 ﾠin	 ﾠgeneral	 ﾠ(Gospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠSeeber	 ﾠet	 ﾠal.,	 ﾠ
2013;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ2013).	 ﾠ	 ﾠ	 ﾠ
The	 ﾠrelationship	 ﾠbetween	 ﾠchromatin	 ﾠstructure	 ﾠand	 ﾠDNA	 ﾠdamage	 ﾠrepair	 ﾠhas	 ﾠ
significant	 ﾠbiological	 ﾠand	 ﾠmedical	 ﾠimplications	 ﾠfor	 ﾠtumor	 ﾠbiology,	 ﾠwhere	 ﾠchromosomal	 ﾠ
instability	 ﾠand	 ﾠabnormal	 ﾠDDR	 ﾠare	 ﾠcharacteristic	 ﾠfeatures	 ﾠof	 ﾠcancer	 ﾠcells	 ﾠ(Gospodinov	 ﾠand	 ﾠ
Herceg,	 ﾠ2013;	 ﾠStratton	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠRemarkably,	 ﾠnearly	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠ120	 ﾠkey	 ﾠtumor	 ﾠdriver	 ﾠ
mutations	 ﾠidentified	 ﾠare	 ﾠin	 ﾠgenes	 ﾠencoding	 ﾠproteins	 ﾠdirectly	 ﾠinvolved	 ﾠin	 ﾠregulating	 ﾠ
chromatin	 ﾠthrough	 ﾠmodifying	 ﾠhistones	 ﾠand	 ﾠDNA	 ﾠ(Gospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠSuva	 ﾠet	 ﾠal.,	 ﾠ
2013;	 ﾠVogelstein	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIn	 ﾠlight	 ﾠof	 ﾠthis,	 ﾠseveral	 ﾠchromatin	 ﾠremodelers	 ﾠhave	 ﾠbeen	 ﾠ
suggested	 ﾠas	 ﾠpossible	 ﾠtherapeutic	 ﾠtargets	 ﾠ(Gospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013).	 ﾠ	 ﾠTherefore,	 ﾠ
understanding	 ﾠthe	 ﾠinterplay	 ﾠbetween	 ﾠchromatin	 ﾠremodelers	 ﾠand	 ﾠDDR	 ﾠis	 ﾠimperative	 ﾠfor	 ﾠ
advancing	 ﾠour	 ﾠknowledge	 ﾠof	 ﾠcancer	 ﾠbiology,	 ﾠmutagenesis,	 ﾠand	 ﾠcell	 ﾠgrowth.	 ﾠ
	 ﾠ
Possibility	 ﾠof	 ﾠa	 ﾠRole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠDNA	 ﾠDamage	 ﾠRepair	 ﾠ
Given	 ﾠthe	 ﾠcrucial	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠtranscription	 ﾠregulation	 ﾠand	 ﾠchromatin	 ﾠstructure,	 ﾠan	 ﾠ
intriguing	 ﾠpossibility	 ﾠis	 ﾠthat	 ﾠSpt6	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠDNA	 ﾠdamage	 ﾠthat	 ﾠoccurs	 ﾠduring	 ﾠ
transcription,	 ﾠa	 ﾠphenomenon	 ﾠknown	 ﾠas	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠor	 ﾠTAM.	 ﾠ	 ﾠSpt6	 ﾠ
has	 ﾠbeen	 ﾠstudied	 ﾠnearly	 ﾠexclusively	 ﾠin	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠtranscription	 ﾠand	 ﾠchromatin,	 ﾠleaving	 ﾠ
any	 ﾠpotential	 ﾠrole	 ﾠin	 ﾠDNA	 ﾠdamage	 ﾠmostly	 ﾠunexplored.	 ﾠ	 ﾠ
The	 ﾠinitiative	 ﾠto	 ﾠinvestigate	 ﾠthis	 ﾠquestion	 ﾠarose	 ﾠfrom	 ﾠan	 ﾠunexpected	 ﾠobservation	 ﾠ
based	 ﾠon	 ﾠnucleosome	 ﾠoccupancy	 ﾠdata	 ﾠfor	 ﾠchromosome	 ﾠIII	 ﾠin	 ﾠan	 ﾠspt6	 ﾠmutant,	 ﾠspt6-ﾭ1004	 ﾠ
(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIn	 ﾠan	 ﾠspt6-ﾭ1004	 ﾠmutant,	 ﾠnucleosomes	 ﾠare	 ﾠlost	 ﾠfrom	 ﾠhighly	 ﾠ
transcribed	 ﾠgenes,	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠpreviously	 ﾠproposed	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠreplacing	 ﾠ	 ﾠ 37	 ﾠ
nucleosomes	 ﾠin	 ﾠthe	 ﾠwake	 ﾠof	 ﾠtranscription	 ﾠ(Hartzog	 ﾠet	 ﾠal.,	 ﾠ1998;	 ﾠIvanovska	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠ
Kaplan	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠHowever,	 ﾠthis	 ﾠnucleosome	 ﾠloss	 ﾠdoes	 ﾠnot	 ﾠcorrelate	 ﾠwith	 ﾠSpt6-ﾭ‐mediated	 ﾠ
changes	 ﾠin	 ﾠmRNA	 ﾠlevels	 ﾠor	 ﾠcryptic	 ﾠinitiation.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠthere	 ﾠare	 ﾠgenes	 ﾠwith	 ﾠsignificant	 ﾠ
nucleosome	 ﾠloss	 ﾠbut	 ﾠno	 ﾠchange	 ﾠin	 ﾠtranscription,	 ﾠand	 ﾠthere	 ﾠare	 ﾠalso	 ﾠgenes	 ﾠwith	 ﾠcryptic	 ﾠ
initiation	 ﾠbut	 ﾠno	 ﾠappreciable	 ﾠnucleosome	 ﾠloss	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠ
the	 ﾠeffect	 ﾠof	 ﾠSpt6	 ﾠon	 ﾠchromatin	 ﾠregulation	 ﾠis	 ﾠindependent	 ﾠof	 ﾠits	 ﾠeffect	 ﾠon	 ﾠtranscription.	 ﾠ	 ﾠThe	 ﾠ
intriguing	 ﾠunanswered	 ﾠquestion	 ﾠis	 ﾠwhy	 ﾠis	 ﾠit	 ﾠimportant	 ﾠfor	 ﾠnucleosomes	 ﾠto	 ﾠbe	 ﾠreplaced	 ﾠover	 ﾠ
highly	 ﾠtranscribed	 ﾠcoding	 ﾠregions	 ﾠif	 ﾠtranscription	 ﾠand	 ﾠcryptic	 ﾠinitiation	 ﾠare	 ﾠnot	 ﾠaffected	 ﾠby	 ﾠ
nucleosome	 ﾠloss.	 ﾠ	 ﾠOne	 ﾠhypothesis	 ﾠis	 ﾠthat	 ﾠthe	 ﾠhistone	 ﾠchaperone	 ﾠactivity	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠimportant	 ﾠ
for	 ﾠpreventing	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠ(TAM).	 ﾠ	 ﾠThis	 ﾠhypothesis	 ﾠis	 ﾠexplored	 ﾠ
further	 ﾠin	 ﾠChapter	 ﾠ3.	 ﾠ
	 ﾠ
Transcription-ﾭassociated	 ﾠMutagenesis	 ﾠOverview	 ﾠ
TAM	 ﾠrefers	 ﾠto	 ﾠthe	 ﾠobservation	 ﾠthat	 ﾠincreased	 ﾠtranscription	 ﾠof	 ﾠa	 ﾠgene	 ﾠleads	 ﾠto	 ﾠhigher	 ﾠ
levels	 ﾠof	 ﾠmutagenesis	 ﾠacross	 ﾠthe	 ﾠgene	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMischo	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠ
al.,	 ﾠ2011).	 ﾠ	 ﾠThis	 ﾠphenomenon	 ﾠhas	 ﾠbeen	 ﾠobserved	 ﾠin	 ﾠbacteriophage	 ﾠT7,	 ﾠE.	 ﾠcoli,	 ﾠS.	 ﾠcerevisiae,	 ﾠ
and	 ﾠmammalian	 ﾠcells	 ﾠ(Beletskii	 ﾠand	 ﾠBhagwat,	 ﾠ1996;	 ﾠBeletskii	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠDatta	 ﾠand	 ﾠJinks-ﾭ‐
Robertson,	 ﾠ1995;	 ﾠHendriks	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠHendriks	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠKlapacz	 ﾠand	 ﾠBhagwat,	 ﾠ2002).	 ﾠ	 ﾠ
In	 ﾠyeast,	 ﾠinduction	 ﾠof	 ﾠtranscription	 ﾠwith	 ﾠa	 ﾠstrong	 ﾠpromoter	 ﾠincreases	 ﾠmutagenesis	 ﾠbetween	 ﾠ
7-ﾭ‐	 ﾠto	 ﾠ30-ﾭ‐fold,	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠpromoter	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
While	 ﾠTAM	 ﾠappears	 ﾠto	 ﾠincrease	 ﾠmost	 ﾠclasses	 ﾠof	 ﾠmutations,	 ﾠelevations	 ﾠin	 ﾠ2-ﾭ‐3	 ﾠbp	 ﾠdeletions	 ﾠ
are	 ﾠparticularly	 ﾠcharacteristic	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠmechanism	 ﾠ
of	 ﾠTAM	 ﾠis	 ﾠunclear;	 ﾠhowever,	 ﾠone	 ﾠexplanation	 ﾠis	 ﾠthat	 ﾠopen,	 ﾠtranscriptionally-ﾭ‐active	 ﾠ	 ﾠ 38	 ﾠ
chromatin	 ﾠis	 ﾠmore	 ﾠsensitive	 ﾠto	 ﾠDNA	 ﾠdamage	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSvejstrup,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠ
would	 ﾠfit	 ﾠwell	 ﾠwith	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠas	 ﾠa	 ﾠhistone	 ﾠchaperone,	 ﾠrestoring	 ﾠchromatin	 ﾠfollowing	 ﾠ
transcription	 ﾠand	 ﾠprotecting	 ﾠfrom	 ﾠmutagenesis.	 ﾠ	 ﾠOther	 ﾠpossible	 ﾠmechanisms	 ﾠfor	 ﾠTAM	 ﾠ
include	 ﾠ1)	 ﾠrepair	 ﾠof	 ﾠstalled	 ﾠTopoisomerase	 ﾠI-ﾭ‐DNA	 ﾠcomplexes,	 ﾠ2)	 ﾠcollision	 ﾠbetween	 ﾠ
replication	 ﾠand	 ﾠtranscription	 ﾠmachineries	 ﾠleading	 ﾠto	 ﾠinterference	 ﾠwith	 ﾠDNA	 ﾠreplication	 ﾠ
precision,	 ﾠ3)	 ﾠdevelopment	 ﾠof	 ﾠtransient	 ﾠsuper-ﾭ‐coils	 ﾠproducing	 ﾠssDNA	 ﾠwhich	 ﾠis	 ﾠmore	 ﾠ
sensitive	 ﾠto	 ﾠmutation	 ﾠand	 ﾠcan	 ﾠobstruct	 ﾠRNAPII,	 ﾠor	 ﾠ4)	 ﾠsome	 ﾠcombination	 ﾠof	 ﾠthe	 ﾠabove	 ﾠ
mechanisms	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMischo	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSvejstrup,	 ﾠ2010;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ
	 ﾠ
Evidence	 ﾠfor	 ﾠa	 ﾠRole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠDNA	 ﾠDamage	 ﾠRepair	 ﾠ
The	 ﾠhypothesis	 ﾠthat	 ﾠSpt6	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠsome	 ﾠaspect	 ﾠof	 ﾠDDR	 ﾠis	 ﾠnot	 ﾠnovel.	 ﾠ	 ﾠIt	 ﾠhad	 ﾠ
previously	 ﾠbeen	 ﾠshown	 ﾠthat	 ﾠa	 ﾠtruncated	 ﾠspt6	 ﾠallele	 ﾠwhich	 ﾠcontains	 ﾠa	 ﾠstop	 ﾠcodon	 ﾠat	 ﾠamino	 ﾠ
acid	 ﾠ1274	 ﾠ(spt6-ﾭ50)	 ﾠis	 ﾠsensitive	 ﾠto	 ﾠhydroxyurea	 ﾠ(Kaplan,	 ﾠ2002).	 ﾠ	 ﾠSensitivity	 ﾠto	 ﾠhydroxyurea,	 ﾠ
a	 ﾠribonucleotide	 ﾠreductase	 ﾠinhibitor	 ﾠthat	 ﾠdepletes	 ﾠdNTP	 ﾠpools	 ﾠand	 ﾠcauses	 ﾠDNA	 ﾠsingle-ﾭ‐
strand	 ﾠbreaks,	 ﾠcan	 ﾠindicate	 ﾠdefects	 ﾠin	 ﾠDDR	 ﾠ(Hampsey,	 ﾠ1997;	 ﾠOsterman	 ﾠGolkar	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠ
Walker	 ﾠet	 ﾠal.,	 ﾠ1977).	 ﾠ	 ﾠSubsequently,	 ﾠseveral	 ﾠspt6	 ﾠalleles	 ﾠwere	 ﾠfound	 ﾠto	 ﾠbe	 ﾠsensitive	 ﾠto	 ﾠ
phleomycin,	 ﾠa	 ﾠradiomimetic	 ﾠthat	 ﾠinduces	 ﾠDSBs	 ﾠ(I.	 ﾠIvanovska,	 ﾠunpublished	 ﾠdata;	 ﾠE.	 ﾠLoeliger,	 ﾠ
unpublished	 ﾠdata).	 ﾠ	 ﾠAdditional	 ﾠwork	 ﾠhas	 ﾠindicated	 ﾠa	 ﾠsynthetic-ﾭ‐sick	 ﾠgenetic	 ﾠinteraction	 ﾠ
between	 ﾠspt6-ﾭ1004	 ﾠand	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠgene	 ﾠencoding	 ﾠDun1,	 ﾠa	 ﾠDNA	 ﾠdamage	 ﾠcheckpoint	 ﾠ
kinase	 ﾠinvolved	 ﾠin	 ﾠthe	 ﾠmain	 ﾠDSB	 ﾠrepair	 ﾠpathway	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠ(I.	 ﾠIvanovska,	 ﾠunpublished	 ﾠ
data).	 ﾠ	 ﾠThese	 ﾠDDR-ﾭ‐related	 ﾠphenotypes	 ﾠof	 ﾠspt6	 ﾠmutants	 ﾠsuggest	 ﾠa	 ﾠlink	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠ
DDR.	 ﾠ	 ﾠ 39	 ﾠ
Role	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠDNA	 ﾠRecombination	 ﾠ
In	 ﾠaddition,	 ﾠspt6	 ﾠmutants	 ﾠhave	 ﾠa	 ﾠhyper-ﾭ‐recombination	 ﾠphenotype,	 ﾠindicating	 ﾠthat	 ﾠ
Spt6	 ﾠaffects	 ﾠDNA	 ﾠrecombination	 ﾠlevels.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠspt6-ﾭ140	 ﾠmutant,	 ﾠgene	 ﾠconversion	 ﾠand	 ﾠ
deletion	 ﾠevents	 ﾠincrease	 ﾠup	 ﾠto	 ﾠ15-ﾭ‐fold	 ﾠacross	 ﾠseven	 ﾠindependent	 ﾠdirect	 ﾠor	 ﾠinverted	 ﾠrepeat	 ﾠ
reporters	 ﾠ(Malagon	 ﾠand	 ﾠAguilera,	 ﾠ1996).	 ﾠ	 ﾠThis	 ﾠspt6	 ﾠhyper-ﾭ‐recombination	 ﾠphenotype	 ﾠis	 ﾠ
dependent	 ﾠon	 ﾠRad52	 ﾠand	 ﾠRad1-ﾭ‐Rad59	 ﾠ(Malagon	 ﾠand	 ﾠAguilera,	 ﾠ2001).	 ﾠ	 ﾠNorthern	 ﾠblot	 ﾠand	 ﾠ
MNase	 ﾠdigest	 ﾠanalysis	 ﾠshowed	 ﾠthat	 ﾠthe	 ﾠspt6-ﾭ140	 ﾠmutant	 ﾠdecreases	 ﾠtranscription	 ﾠand	 ﾠalters	 ﾠ
chromatin	 ﾠ(exposing	 ﾠdifferent	 ﾠMNase	 ﾠhypersensitive	 ﾠsites)	 ﾠover	 ﾠthe	 ﾠinverted	 ﾠrepeat	 ﾠ
reporters	 ﾠused	 ﾠ(Malagon	 ﾠand	 ﾠAguilera,	 ﾠ2001).	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠspt6	 ﾠhyper-ﾭ‐recombination	 ﾠ
phenotype	 ﾠwas	 ﾠnot	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠtranscription	 ﾠ(Malagon	 ﾠand	 ﾠAguilera,	 ﾠ2001).	 ﾠ	 ﾠ
Overall,	 ﾠan	 ﾠspt6	 ﾠmutant	 ﾠcauses	 ﾠa	 ﾠdistinct	 ﾠhyper-ﾭ‐recombination	 ﾠphenotype	 ﾠover	 ﾠseveral	 ﾠ
repeat	 ﾠreporters,	 ﾠmost	 ﾠlikely	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠdefects	 ﾠin	 ﾠtranscription	 ﾠand	 ﾠchromatin	 ﾠover	 ﾠ
those	 ﾠregions.	 ﾠ
	 ﾠ
V.  Yeast	 ﾠas	 ﾠa	 ﾠModel	 ﾠOrganism	 ﾠ
	 ﾠ
All	 ﾠstudies	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠthis	 ﾠdissertation	 ﾠwere	 ﾠperformed	 ﾠin	 ﾠthe	 ﾠbudding	 ﾠyeast,	 ﾠS.	 ﾠ
cerevisiae.	 ﾠ	 ﾠBudding	 ﾠyeast	 ﾠ(also	 ﾠknown	 ﾠas	 ﾠbaker’s	 ﾠyeast)	 ﾠhas	 ﾠbeen	 ﾠclosely	 ﾠentwined	 ﾠwith	 ﾠ
human	 ﾠhistory	 ﾠfor	 ﾠthousands	 ﾠof	 ﾠyears,	 ﾠwith	 ﾠthe	 ﾠfirst	 ﾠevidence	 ﾠof	 ﾠwine	 ﾠand	 ﾠother	 ﾠfermented	 ﾠ
beverage	 ﾠproduction	 ﾠin	 ﾠIran	 ﾠand	 ﾠEgypt	 ﾠin	 ﾠ6000	 ﾠB.C.	 ﾠand	 ﾠ3000	 ﾠB.C.,	 ﾠrespectively	 ﾠ(Legras	 ﾠet	 ﾠ
al.,	 ﾠ2007).	 ﾠ	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠits	 ﾠimportance	 ﾠfor	 ﾠdiet	 ﾠstaples	 ﾠsuch	 ﾠas	 ﾠbread,	 ﾠbeer,	 ﾠand	 ﾠwine,	 ﾠyeast	 ﾠ
has	 ﾠplayed	 ﾠa	 ﾠcrucial	 ﾠrole	 ﾠin	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠmodern	 ﾠday	 ﾠbiology	 ﾠand	 ﾠgenetics.	 ﾠ	 ﾠ	 ﾠ	 ﾠ 40	 ﾠ
First	 ﾠused	 ﾠas	 ﾠa	 ﾠmodel	 ﾠorganism	 ﾠapproximately	 ﾠ75	 ﾠyears	 ﾠago,	 ﾠS.	 ﾠcerevisiae	 ﾠis	 ﾠknown	 ﾠas	 ﾠ
the	 ﾠ“E.	 ﾠcoli	 ﾠof	 ﾠthe	 ﾠeukaryotes”,	 ﾠcombining	 ﾠthe	 ﾠconvenience	 ﾠof	 ﾠprokaryotic	 ﾠorganisms	 ﾠand	 ﾠthe	 ﾠ
complex	 ﾠbiology	 ﾠof	 ﾠeukaryotic	 ﾠorganisms	 ﾠregarding	 ﾠorganelles,	 ﾠcell	 ﾠcycle,	 ﾠaspects	 ﾠof	 ﾠ
chromatin,	 ﾠand	 ﾠother	 ﾠprocesses	 ﾠ(Griffiths,	 ﾠ2008).	 ﾠ	 ﾠYeast	 ﾠare	 ﾠsmall,	 ﾠhardy,	 ﾠand	 ﾠdivide	 ﾠevery	 ﾠ
90	 ﾠminutes	 ﾠmaking	 ﾠit	 ﾠpossible	 ﾠto	 ﾠgenerate	 ﾠlarge	 ﾠnumbers	 ﾠquickly	 ﾠand	 ﾠeasily.	 ﾠ	 ﾠThey	 ﾠcan	 ﾠalso	 ﾠ
be	 ﾠgrown	 ﾠin	 ﾠliquid	 ﾠmedium	 ﾠin	 ﾠlarge	 ﾠbatches	 ﾠor	 ﾠon	 ﾠsolid	 ﾠagar	 ﾠmedium,	 ﾠallowing	 ﾠscreening	 ﾠ
for	 ﾠmutant	 ﾠphenotypes.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠmany	 ﾠyears	 ﾠof	 ﾠstudy	 ﾠhave	 ﾠgenerated	 ﾠa	 ﾠwide	 ﾠvariety	 ﾠof	 ﾠ
reagents,	 ﾠyeast	 ﾠmutants,	 ﾠand	 ﾠplasmids,	 ﾠmaking	 ﾠyeast	 ﾠexperiments	 ﾠeven	 ﾠmore	 ﾠconvenient.	 ﾠ	 ﾠ
High	 ﾠlevels	 ﾠof	 ﾠhomologous	 ﾠrecombination,	 ﾠthe	 ﾠability	 ﾠto	 ﾠexist	 ﾠstably	 ﾠas	 ﾠa	 ﾠhaploid	 ﾠor	 ﾠdiploid,	 ﾠ
and	 ﾠthe	 ﾠability	 ﾠto	 ﾠseparate	 ﾠsingle	 ﾠhaploid	 ﾠoffspring	 ﾠthrough	 ﾠtetrad	 ﾠdissection	 ﾠmakes	 ﾠyeast	 ﾠ
an	 ﾠideal	 ﾠgenetic	 ﾠmodel.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠcellular	 ﾠprocesses	 ﾠin	 ﾠyeast	 ﾠare	 ﾠlargely	 ﾠconserved	 ﾠwith	 ﾠ
those	 ﾠof	 ﾠtheir	 ﾠlarger	 ﾠeukaryotic	 ﾠcounterparts	 ﾠ(for	 ﾠexample,	 ﾠmice	 ﾠand	 ﾠhumans)	 ﾠ(Griffiths,	 ﾠ
2008;	 ﾠHahn	 ﾠand	 ﾠYoung,	 ﾠ2011;	 ﾠRando	 ﾠand	 ﾠWinston,	 ﾠ2012).	 ﾠ	 ﾠTherefore,	 ﾠyeast	 ﾠis	 ﾠa	 ﾠpowerful	 ﾠ
tool	 ﾠfor	 ﾠexperiments	 ﾠaddressing	 ﾠcomplex	 ﾠbiological	 ﾠquestions	 ﾠthat	 ﾠwould	 ﾠnot	 ﾠbe	 ﾠfeasible	 ﾠin	 ﾠ
other	 ﾠeukaryotic	 ﾠorganisms.	 ﾠ	 ﾠ
Indeed,	 ﾠyeast	 ﾠhas	 ﾠproven	 ﾠto	 ﾠbe	 ﾠessential	 ﾠfor	 ﾠexploring	 ﾠmany	 ﾠareas	 ﾠof	 ﾠbiology.	 ﾠ	 ﾠWork	 ﾠ
with	 ﾠpetite	 ﾠyeast	 ﾠcolonies	 ﾠled	 ﾠto	 ﾠa	 ﾠbetter	 ﾠunderstanding	 ﾠof	 ﾠmitochondrial	 ﾠgenetics	 ﾠwhich	 ﾠ
has	 ﾠgiven	 ﾠinsight	 ﾠinto	 ﾠhuman	 ﾠneurological	 ﾠand	 ﾠmuscular	 ﾠillnesses	 ﾠsuch	 ﾠas	 ﾠmitochondrial	 ﾠ
myopathy	 ﾠ(progressive	 ﾠmuscle	 ﾠweakness)	 ﾠand	 ﾠmyoclonus	 ﾠepilepsy	 ﾠ(a	 ﾠform	 ﾠof	 ﾠepilepsy	 ﾠ
typified	 ﾠby	 ﾠprogressive	 ﾠmental	 ﾠdeterioration	 ﾠand	 ﾠmuscle	 ﾠspasms)	 ﾠ(Barnett,	 ﾠ2007).	 ﾠ	 ﾠ
Likewise,	 ﾠthe	 ﾠNobel	 ﾠPrize-ﾭ‐winning	 ﾠidentification	 ﾠof	 ﾠkey	 ﾠcell	 ﾠcycle	 ﾠregulators	 ﾠCdc2/CDK1,	 ﾠ
cyclins,	 ﾠand	 ﾠthe	 ﾠCDC	 ﾠgenes	 ﾠby	 ﾠSir	 ﾠPaul	 ﾠNurse,	 ﾠTimothy	 ﾠHunt,	 ﾠand	 ﾠLeland	 ﾠHartwell	 ﾠusing	 ﾠ
fission	 ﾠyeast,	 ﾠsea	 ﾠurchins,	 ﾠand	 ﾠbudding	 ﾠyeast,	 ﾠrespectively,	 ﾠforms	 ﾠthe	 ﾠbasis	 ﾠof	 ﾠhuman	 ﾠcancer	 ﾠ	 ﾠ 41	 ﾠ
research	 ﾠtoday	 ﾠ(Barnett,	 ﾠ2007;	 ﾠEvans	 ﾠet	 ﾠal.,	 ﾠ1983;	 ﾠHartwell	 ﾠet	 ﾠal.,	 ﾠ1970;	 ﾠHartwell	 ﾠet	 ﾠal.,	 ﾠ
1973;	 ﾠLee	 ﾠand	 ﾠNurse,	 ﾠ1987;	 ﾠNurse	 ﾠand	 ﾠThuriaux,	 ﾠ1980;	 ﾠPines	 ﾠand	 ﾠHunt,	 ﾠ1987).	 ﾠ
The	 ﾠground-ﾭ‐breaking	 ﾠwork	 ﾠin	 ﾠthe	 ﾠtranscription,	 ﾠchromatin	 ﾠand	 ﾠDNA	 ﾠdamage	 ﾠrepair	 ﾠ
fields	 ﾠwas	 ﾠoriginally	 ﾠdone	 ﾠin	 ﾠS.	 ﾠcerevisiae,	 ﾠmaking	 ﾠbudding	 ﾠyeast	 ﾠa	 ﾠwell-ﾭ‐established	 ﾠsystem	 ﾠ
for	 ﾠstudying	 ﾠthese	 ﾠprocesses	 ﾠ(Botstein	 ﾠand	 ﾠFink,	 ﾠ2011;	 ﾠHahn	 ﾠand	 ﾠYoung,	 ﾠ2011;	 ﾠRando	 ﾠand	 ﾠ
Winston,	 ﾠ2012;	 ﾠToh	 ﾠand	 ﾠLowndes,	 ﾠ2003).	 ﾠ	 ﾠAlso,	 ﾠmuch	 ﾠof	 ﾠtranscription	 ﾠand	 ﾠDNA	 ﾠdamage	 ﾠ
repair	 ﾠis	 ﾠconserved	 ﾠamong	 ﾠeukaryotes	 ﾠ(Lisby	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠTaken	 ﾠtogether,	 ﾠthese	 ﾠfacts	 ﾠ
made	 ﾠbudding	 ﾠyeast	 ﾠthe	 ﾠideal	 ﾠorganism	 ﾠfor	 ﾠmy	 ﾠdissertation	 ﾠresearch,	 ﾠallowing	 ﾠthe	 ﾠstudy	 ﾠof	 ﾠ
complex	 ﾠeukaryotic	 ﾠbiology.	 ﾠ	 ﾠ
	 ﾠ
VI. Overview	 ﾠof	 ﾠDissertation	 ﾠ
	 ﾠ
Spt6	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠfunction	 ﾠin	 ﾠmany	 ﾠaspects	 ﾠof	 ﾠgene	 ﾠexpression,	 ﾠincluding	 ﾠ
nucleosome	 ﾠassembly,	 ﾠtranscription	 ﾠinitiation	 ﾠand	 ﾠelongation,	 ﾠand	 ﾠmRNA	 ﾠprocessing	 ﾠand	 ﾠ
export.	 ﾠ	 ﾠOverall,	 ﾠdespite	 ﾠmany	 ﾠgenetic	 ﾠand	 ﾠbiochemical	 ﾠstudies	 ﾠof	 ﾠSpt6	 ﾠdescribed	 ﾠin	 ﾠthis	 ﾠ
introduction,	 ﾠthe	 ﾠmechanism	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠstill	 ﾠunclear.	 ﾠ	 ﾠThe	 ﾠgoal	 ﾠof	 ﾠmy	 ﾠdissertation	 ﾠhas	 ﾠbeen	 ﾠto	 ﾠ
further	 ﾠcharacterize	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠchromatin	 ﾠstructure,	 ﾠtranscription,	 ﾠand	 ﾠDNA	 ﾠ
damage	 ﾠrepair.	 ﾠ
In	 ﾠChapter	 ﾠ2,	 ﾠI	 ﾠhave	 ﾠperformed	 ﾠa	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠusing	 ﾠthree	 ﾠ
separate	 ﾠapproaches.	 ﾠ	 ﾠFirst,	 ﾠI	 ﾠemployed	 ﾠa	 ﾠrandom	 ﾠinsertion	 ﾠmutagenesis	 ﾠthat	 ﾠhas	 ﾠidentified	 ﾠ
sixty-ﾭ‐seven	 ﾠspt6	 ﾠmutants.	 ﾠ	 ﾠWhile	 ﾠthese	 ﾠmutants	 ﾠdid	 ﾠnot	 ﾠprovide	 ﾠinformation	 ﾠregarding	 ﾠ
known	 ﾠdomains,	 ﾠsome	 ﾠhave	 ﾠphenotypes	 ﾠthat	 ﾠmay	 ﾠprove	 ﾠuseful	 ﾠfor	 ﾠfuture	 ﾠstudy.	 ﾠ	 ﾠSecond,	 ﾠin	 ﾠ
a	 ﾠcollaborative	 ﾠproject	 ﾠwith	 ﾠthe	 ﾠRomier	 ﾠlab,	 ﾠI	 ﾠstudied	 ﾠthe	 ﾠfunctional	 ﾠrole	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠSH2	 ﾠ	 ﾠ 42	 ﾠ
domains.	 ﾠ	 ﾠWe	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠregion	 ﾠof	 ﾠSPT6	 ﾠencoding	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠ
causes	 ﾠsevere	 ﾠmutant	 ﾠphenotypes	 ﾠwithout	 ﾠaffecting	 ﾠSpt6	 ﾠprotein	 ﾠlevels,	 ﾠdemonstrating	 ﾠthe	 ﾠ
importance	 ﾠof	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThird,	 ﾠin	 ﾠan	 ﾠadditional	 ﾠproject	 ﾠwith	 ﾠthe	 ﾠRomier	 ﾠlab,	 ﾠ
I	 ﾠshowed	 ﾠthat	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠthat	 ﾠinteracts	 ﾠwith	 ﾠthe	 ﾠconserved	 ﾠ
transcription	 ﾠfactor	 ﾠSpn1	 ﾠimpair	 ﾠSpt6	 ﾠfunction	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠOverall,	 ﾠthis	 ﾠmulti-ﾭ‐pronged	 ﾠ
structure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠhas	 ﾠprovided	 ﾠnew	 ﾠinsights	 ﾠinto	 ﾠthe	 ﾠuses	 ﾠand	 ﾠlimitations	 ﾠ
of	 ﾠinsertion	 ﾠmutagenesis,	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠof	 ﾠSpt6,	 ﾠand	 ﾠthe	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteraction.	 ﾠ
	 ﾠ In	 ﾠChapter	 ﾠ3,	 ﾠI	 ﾠexplored	 ﾠthe	 ﾠtantalizing	 ﾠhypothesis	 ﾠthat	 ﾠSpt6	 ﾠfacilitates	 ﾠDNA	 ﾠdamage	 ﾠ
repair	 ﾠduring	 ﾠtranscription.	 ﾠ	 ﾠTo	 ﾠaddress	 ﾠthis	 ﾠpossibility,	 ﾠI	 ﾠhave	 ﾠattempted	 ﾠto	 ﾠtest	 ﾠfor	 ﾠa	 ﾠ
possible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠ(TAM).	 ﾠ	 ﾠAfter	 ﾠemploying	 ﾠ
several	 ﾠtypes	 ﾠof	 ﾠin	 ﾠvivo	 ﾠassays,	 ﾠI	 ﾠconclude	 ﾠthat	 ﾠa	 ﾠpossible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠTAM	 ﾠis	 ﾠuncertain,	 ﾠ
as	 ﾠthe	 ﾠresults	 ﾠreproducibly	 ﾠvary	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠassay	 ﾠused.	 ﾠ	 ﾠThus,	 ﾠunderstanding	 ﾠthis	 ﾠ




Adkins,	 ﾠM.W.,	 ﾠand	 ﾠTyler,	 ﾠJ.K.	 ﾠ(2006).	 ﾠTranscriptional	 ﾠactivators	 ﾠare	 ﾠdispensable	 ﾠfor	 ﾠ
transcription	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠSpt6-ﾭ‐mediated	 ﾠchromatin	 ﾠreassembly	 ﾠof	 ﾠpromoter	 ﾠregions.	 ﾠ
Mol	 ﾠCell	 ﾠ21,	 ﾠ405-ﾭ‐416.	 ﾠ
Albert,	 ﾠI.,	 ﾠMavrich,	 ﾠT.N.,	 ﾠTomsho,	 ﾠL.P.,	 ﾠQi,	 ﾠJ.,	 ﾠZanton,	 ﾠS.J.,	 ﾠSchuster,	 ﾠS.C.,	 ﾠand	 ﾠPugh,	 ﾠB.F.	 ﾠ(2007).	 ﾠ
Translational	 ﾠand	 ﾠrotational	 ﾠsettings	 ﾠof	 ﾠH2A.Z	 ﾠnucleosomes	 ﾠacross	 ﾠthe	 ﾠSaccharomyces	 ﾠ
cerevisiae	 ﾠgenome.	 ﾠNature	 ﾠ446,	 ﾠ572-ﾭ‐576.	 ﾠ
Andrulis,	 ﾠE.D.,	 ﾠGuzman,	 ﾠE.,	 ﾠDoring,	 ﾠP.,	 ﾠWerner,	 ﾠJ.,	 ﾠand	 ﾠLis,	 ﾠJ.T.	 ﾠ(2000).	 ﾠHigh-ﾭ‐resolution	 ﾠ
localization	 ﾠof	 ﾠDrosophila	 ﾠSpt5	 ﾠand	 ﾠSpt6	 ﾠat	 ﾠheat	 ﾠshock	 ﾠgenes	 ﾠin	 ﾠvivo:	 ﾠroles	 ﾠin	 ﾠpromoter	 ﾠ
proximal	 ﾠpausing	 ﾠand	 ﾠtranscription	 ﾠelongation.	 ﾠGenes	 ﾠDev	 ﾠ14,	 ﾠ2635-ﾭ‐2649.	 ﾠ	 ﾠ 43	 ﾠ
Andrulis,	 ﾠE.D.,	 ﾠWerner,	 ﾠJ.,	 ﾠNazarian,	 ﾠA.,	 ﾠErdjument-ﾭ‐Bromage,	 ﾠH.,	 ﾠTempst,	 ﾠP.,	 ﾠand	 ﾠLis,	 ﾠJ.T.	 ﾠ
(2002).	 ﾠThe	 ﾠRNA	 ﾠprocessing	 ﾠexosome	 ﾠis	 ﾠlinked	 ﾠto	 ﾠelongating	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠin	 ﾠ
Drosophila.	 ﾠNature	 ﾠ420,	 ﾠ837-ﾭ‐841.	 ﾠ
Aravind,	 ﾠL.,	 ﾠAnantharaman,	 ﾠV.,	 ﾠBalaji,	 ﾠS.,	 ﾠBabu,	 ﾠM.M.,	 ﾠand	 ﾠIyer,	 ﾠL.M.	 ﾠ(2005).	 ﾠThe	 ﾠmany	 ﾠfaces	 ﾠ
of	 ﾠthe	 ﾠhelix-ﾭ‐turn-ﾭ‐helix	 ﾠdomain:	 ﾠtranscription	 ﾠregulation	 ﾠand	 ﾠbeyond.	 ﾠFEMS	 ﾠMicrobiol	 ﾠRev	 ﾠ
29,	 ﾠ231-ﾭ‐262.	 ﾠ
Aravind,	 ﾠL.,	 ﾠMakarova,	 ﾠK.S.,	 ﾠand	 ﾠKoonin,	 ﾠE.V.	 ﾠ(2000).	 ﾠSURVEY	 ﾠAND	 ﾠSUMMARY:	 ﾠholliday	 ﾠ
junction	 ﾠresolvases	 ﾠand	 ﾠrelated	 ﾠnucleases:	 ﾠidentification	 ﾠof	 ﾠnew	 ﾠfamilies,	 ﾠphyletic	 ﾠ
distribution	 ﾠand	 ﾠevolutionary	 ﾠtrajectories.	 ﾠNucleic	 ﾠAcids	 ﾠRes	 ﾠ28,	 ﾠ3417-ﾭ‐3432.	 ﾠ
Ardehali,	 ﾠM.B.,	 ﾠYao,	 ﾠJ.,	 ﾠAdelman,	 ﾠK.,	 ﾠFuda,	 ﾠN.J.,	 ﾠPetesch,	 ﾠS.J.,	 ﾠWebb,	 ﾠW.W.,	 ﾠand	 ﾠLis,	 ﾠJ.T.	 ﾠ(2009).	 ﾠ
Spt6	 ﾠenhances	 ﾠthe	 ﾠelongation	 ﾠrate	 ﾠof	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠin	 ﾠvivo.	 ﾠEMBO	 ﾠJ	 ﾠ28,	 ﾠ1067-ﾭ‐1077.	 ﾠ
Baniahmad,	 ﾠC.,	 ﾠNawaz,	 ﾠZ.,	 ﾠBaniahmad,	 ﾠA.,	 ﾠGleeson,	 ﾠM.A.,	 ﾠTsai,	 ﾠM.J.,	 ﾠand	 ﾠO'Malley,	 ﾠB.W.	 ﾠ
(1995).	 ﾠEnhancement	 ﾠof	 ﾠhuman	 ﾠestrogen	 ﾠreceptor	 ﾠactivity	 ﾠby	 ﾠSPT6:	 ﾠa	 ﾠpotential	 ﾠcoactivator.	 ﾠ
Mol	 ﾠEndocrinol	 ﾠ9,	 ﾠ34-ﾭ‐43.	 ﾠ
Barnett,	 ﾠJ.A.	 ﾠ(2007).	 ﾠA	 ﾠhistory	 ﾠof	 ﾠresearch	 ﾠon	 ﾠyeasts	 ﾠ10:	 ﾠfoundations	 ﾠof	 ﾠyeast	 ﾠgenetics.	 ﾠYeast	 ﾠ
24,	 ﾠ799-ﾭ‐845.	 ﾠ
Beckouet,	 ﾠF.,	 ﾠMariotte-ﾭ‐Labarre,	 ﾠS.,	 ﾠPeyroche,	 ﾠG.,	 ﾠNogi,	 ﾠY.,	 ﾠand	 ﾠThuriaux,	 ﾠP.	 ﾠ(2011).	 ﾠRpa43	 ﾠand	 ﾠ
its	 ﾠpartners	 ﾠin	 ﾠthe	 ﾠyeast	 ﾠRNA	 ﾠpolymerase	 ﾠI	 ﾠtranscription	 ﾠcomplex.	 ﾠFEBS	 ﾠLett	 ﾠ585,	 ﾠ3355-ﾭ‐
3359.	 ﾠ
Begum,	 ﾠN.A.,	 ﾠStanlie,	 ﾠA.,	 ﾠNakata,	 ﾠM.,	 ﾠAkiyama,	 ﾠH.,	 ﾠand	 ﾠHonjo,	 ﾠT.	 ﾠ(2012).	 ﾠThe	 ﾠhistone	 ﾠ
chaperone	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠactivation-ﾭ‐induced	 ﾠcytidine	 ﾠdeaminase	 ﾠtarget	 ﾠdetermination	 ﾠ
through	 ﾠH3K4me3	 ﾠregulation.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ287,	 ﾠ32415-ﾭ‐32429.	 ﾠ
Beletskii,	 ﾠA.,	 ﾠand	 ﾠBhagwat,	 ﾠA.S.	 ﾠ(1996).	 ﾠTranscription-ﾭ‐induced	 ﾠmutations:	 ﾠincrease	 ﾠin	 ﾠC	 ﾠto	 ﾠT	 ﾠ
mutations	 ﾠin	 ﾠthe	 ﾠnontranscribed	 ﾠstrand	 ﾠduring	 ﾠtranscription	 ﾠin	 ﾠEscherichia	 ﾠcoli.	 ﾠProc	 ﾠNatl	 ﾠ
Acad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ93,	 ﾠ13919-ﾭ‐13924.	 ﾠ
Beletskii,	 ﾠA.,	 ﾠGrigoriev,	 ﾠA.,	 ﾠJoyce,	 ﾠS.,	 ﾠand	 ﾠBhagwat,	 ﾠA.S.	 ﾠ(2000).	 ﾠMutations	 ﾠinduced	 ﾠby	 ﾠ
bacteriophage	 ﾠT7	 ﾠRNA	 ﾠpolymerase	 ﾠand	 ﾠtheir	 ﾠeffects	 ﾠon	 ﾠthe	 ﾠcomposition	 ﾠof	 ﾠthe	 ﾠT7	 ﾠgenome.	 ﾠJ	 ﾠ
Mol	 ﾠBiol	 ﾠ300,	 ﾠ1057-ﾭ‐1065.	 ﾠ	 ﾠ 44	 ﾠ
Bhat,	 ﾠW.,	 ﾠBoutin,	 ﾠG.,	 ﾠRufiange,	 ﾠA.,	 ﾠand	 ﾠNourani,	 ﾠA.	 ﾠ(2013).	 ﾠCasein	 ﾠkinase	 ﾠ2	 ﾠassociates	 ﾠwith	 ﾠ
the	 ﾠyeast	 ﾠchromatin	 ﾠreassembly	 ﾠfactor	 ﾠSpt2/Sin1	 ﾠto	 ﾠregulate	 ﾠits	 ﾠfunction	 ﾠin	 ﾠthe	 ﾠrepression	 ﾠ
of	 ﾠspurious	 ﾠtranscription.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ33,	 ﾠ4198-ﾭ‐4211.	 ﾠ
Bickel,	 ﾠK.S.,	 ﾠand	 ﾠMorris,	 ﾠD.R.	 ﾠ(2006).	 ﾠRole	 ﾠof	 ﾠthe	 ﾠtranscription	 ﾠactivator	 ﾠSte12p	 ﾠas	 ﾠa	 ﾠ
repressor	 ﾠof	 ﾠPRY3	 ﾠexpression.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ26,	 ﾠ7901-ﾭ‐7912.	 ﾠ
Bortvin,	 ﾠA.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1996).	 ﾠEvidence	 ﾠthat	 ﾠSpt6p	 ﾠcontrols	 ﾠchromatin	 ﾠstructure	 ﾠby	 ﾠa	 ﾠ
direct	 ﾠinteraction	 ﾠwith	 ﾠhistones.	 ﾠScience	 ﾠ272,	 ﾠ1473-ﾭ‐1476.	 ﾠ
Botstein,	 ﾠD.,	 ﾠand	 ﾠFink,	 ﾠG.R.	 ﾠ(2011).	 ﾠYeast:	 ﾠan	 ﾠexperimental	 ﾠorganism	 ﾠfor	 ﾠ21st	 ﾠCentury	 ﾠ
biology.	 ﾠGenetics	 ﾠ189,	 ﾠ695-ﾭ‐704.	 ﾠ
Bousquet-ﾭ‐Antonelli,	 ﾠC.,	 ﾠPresutti,	 ﾠC.,	 ﾠand	 ﾠTollervey,	 ﾠD.	 ﾠ(2000).	 ﾠIdentification	 ﾠof	 ﾠa	 ﾠregulated	 ﾠ
pathway	 ﾠfor	 ﾠnuclear	 ﾠpre-ﾭ‐mRNA	 ﾠturnover.	 ﾠCell	 ﾠ102,	 ﾠ765-ﾭ‐775.	 ﾠ
Brewster,	 ﾠN.K.,	 ﾠJohnston,	 ﾠG.C.,	 ﾠand	 ﾠSinger,	 ﾠR.A.	 ﾠ(2001).	 ﾠA	 ﾠbipartite	 ﾠyeast	 ﾠSSRP1	 ﾠanalog	 ﾠ
comprised	 ﾠof	 ﾠPob3	 ﾠand	 ﾠNhp6	 ﾠproteins	 ﾠmodulates	 ﾠtranscription.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ21,	 ﾠ3491-ﾭ‐
3502.	 ﾠ
Burckin,	 ﾠT.,	 ﾠNagel,	 ﾠR.,	 ﾠMandel-ﾭ‐Gutfreund,	 ﾠY.,	 ﾠShiue,	 ﾠL.,	 ﾠClark,	 ﾠT.A.,	 ﾠChong,	 ﾠJ.L.,	 ﾠChang,	 ﾠT.H.,	 ﾠ
Squazzo,	 ﾠS.,	 ﾠHartzog,	 ﾠG.,	 ﾠand	 ﾠAres,	 ﾠM.,	 ﾠJr.	 ﾠ(2005).	 ﾠExploring	 ﾠfunctional	 ﾠrelationships	 ﾠbetween	 ﾠ
components	 ﾠof	 ﾠthe	 ﾠgene	 ﾠexpression	 ﾠmachinery.	 ﾠNat	 ﾠStruct	 ﾠMol	 ﾠBiol	 ﾠ12,	 ﾠ175-ﾭ‐182.	 ﾠ
Butler,	 ﾠJ.S.	 ﾠ(2002).	 ﾠThe	 ﾠyin	 ﾠand	 ﾠyang	 ﾠof	 ﾠthe	 ﾠexosome.	 ﾠTrends	 ﾠCell	 ﾠBiol	 ﾠ12,	 ﾠ90-ﾭ‐96.	 ﾠ
Campbell,	 ﾠN.A.,	 ﾠMitchell,	 ﾠL.G.,	 ﾠand	 ﾠReece,	 ﾠJ.B.	 ﾠ(1997).	 ﾠBiology:	 ﾠConcept	 ﾠand	 ﾠConnections,	 ﾠ
Second	 ﾠedition	 ﾠedn	 ﾠ(Menlo	 ﾠPark,	 ﾠCalifornia,	 ﾠBenjamin	 ﾠCummings).	 ﾠ
Cao,	 ﾠR.,	 ﾠWang,	 ﾠL.,	 ﾠWang,	 ﾠH.,	 ﾠXia,	 ﾠL.,	 ﾠErdjument-ﾭ‐Bromage,	 ﾠH.,	 ﾠTempst,	 ﾠP.,	 ﾠJones,	 ﾠR.S.,	 ﾠand	 ﾠ
Zhang,	 ﾠY.	 ﾠ(2002).	 ﾠRole	 ﾠof	 ﾠhistone	 ﾠH3	 ﾠlysine	 ﾠ27	 ﾠmethylation	 ﾠin	 ﾠPolycomb-ﾭ‐group	 ﾠsilencing.	 ﾠ
Science	 ﾠ298,	 ﾠ1039-ﾭ‐1043.	 ﾠ
Carey,	 ﾠM.,	 ﾠLi,	 ﾠB.,	 ﾠand	 ﾠWorkman,	 ﾠJ.L.	 ﾠ(2006).	 ﾠRSC	 ﾠexploits	 ﾠhistone	 ﾠacetylation	 ﾠto	 ﾠabrogate	 ﾠthe	 ﾠ
nucleosomal	 ﾠblock	 ﾠto	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠelongation.	 ﾠMol	 ﾠCell	 ﾠ24,	 ﾠ481-ﾭ‐487.	 ﾠ
Carrozza,	 ﾠM.J.,	 ﾠLi,	 ﾠB.,	 ﾠFlorens,	 ﾠL.,	 ﾠSuganuma,	 ﾠT.,	 ﾠSwanson,	 ﾠS.K.,	 ﾠLee,	 ﾠK.K.,	 ﾠShia,	 ﾠW.J.,	 ﾠAnderson,	 ﾠ
S.,	 ﾠYates,	 ﾠJ.,	 ﾠWashburn,	 ﾠM.P.,	 ﾠet	 ﾠal.	 ﾠ(2005).	 ﾠHistone	 ﾠH3	 ﾠmethylation	 ﾠby	 ﾠSet2	 ﾠdirects	 ﾠ	 ﾠ 45	 ﾠ
deacetylation	 ﾠof	 ﾠcoding	 ﾠregions	 ﾠby	 ﾠRpd3S	 ﾠto	 ﾠsuppress	 ﾠspurious	 ﾠintragenic	 ﾠtranscription.	 ﾠ
Cell	 ﾠ123,	 ﾠ581-ﾭ‐592.	 ﾠ
Chang,	 ﾠH.W.,	 ﾠKulaeva,	 ﾠO.I.,	 ﾠShaytan,	 ﾠA.K.,	 ﾠKibanov,	 ﾠM.,	 ﾠKuznedelov,	 ﾠK.,	 ﾠSeverinov,	 ﾠK.V.,	 ﾠ
Kirpichnikov,	 ﾠM.P.,	 ﾠClark,	 ﾠD.J.,	 ﾠand	 ﾠStuditsky,	 ﾠV.M.	 ﾠ(2014).	 ﾠAnalysis	 ﾠof	 ﾠthe	 ﾠmechanism	 ﾠof	 ﾠ
nucleosome	 ﾠsurvival	 ﾠduring	 ﾠtranscription.	 ﾠNucleic	 ﾠAcids	 ﾠRes	 ﾠ42,	 ﾠ1619-ﾭ‐1627.	 ﾠ
Chen,	 ﾠS.,	 ﾠMa,	 ﾠJ.,	 ﾠWu,	 ﾠF.,	 ﾠXiong,	 ﾠL.J.,	 ﾠMa,	 ﾠH.,	 ﾠXu,	 ﾠW.,	 ﾠLv,	 ﾠR.,	 ﾠLi,	 ﾠX.,	 ﾠVillen,	 ﾠJ.,	 ﾠGygi,	 ﾠS.P.,	 ﾠet	 ﾠal.	 ﾠ(2012).	 ﾠ
The	 ﾠhistone	 ﾠH3	 ﾠLys	 ﾠ27	 ﾠdemethylase	 ﾠJMJD3	 ﾠregulates	 ﾠgene	 ﾠexpression	 ﾠby	 ﾠimpacting	 ﾠ
transcriptional	 ﾠelongation.	 ﾠGenes	 ﾠDev	 ﾠ26,	 ﾠ1364-ﾭ‐1375.	 ﾠ
Chen,	 ﾠS.H.,	 ﾠSmolka,	 ﾠM.B.,	 ﾠand	 ﾠZhou,	 ﾠH.	 ﾠ(2007).	 ﾠMechanism	 ﾠof	 ﾠDun1	 ﾠactivation	 ﾠby	 ﾠRad53	 ﾠ
phosphorylation	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ282,	 ﾠ986-ﾭ‐995.	 ﾠ
Cheung,	 ﾠV.,	 ﾠChua,	 ﾠG.,	 ﾠBatada,	 ﾠN.N.,	 ﾠLandry,	 ﾠC.R.,	 ﾠMichnick,	 ﾠS.W.,	 ﾠHughes,	 ﾠT.R.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ
(2008).	 ﾠChromatin-ﾭ‐	 ﾠand	 ﾠtranscription-ﾭ‐related	 ﾠfactors	 ﾠrepress	 ﾠtranscription	 ﾠfrom	 ﾠwithin	 ﾠ
coding	 ﾠregions	 ﾠthroughout	 ﾠthe	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠgenome.	 ﾠPLoS	 ﾠBiol	 ﾠ6,	 ﾠe277.	 ﾠ
Chiang,	 ﾠP.W.,	 ﾠBaldacci,	 ﾠP.A.,	 ﾠBabinet,	 ﾠC.,	 ﾠCamper,	 ﾠS.A.,	 ﾠWatkins-ﾭ‐Chow,	 ﾠD.,	 ﾠBaker,	 ﾠD.D.,	 ﾠTsai,	 ﾠ
C.H.,	 ﾠRamamoorthy,	 ﾠS.,	 ﾠKing,	 ﾠE.,	 ﾠSlack,	 ﾠA.C.,	 ﾠet	 ﾠal.	 ﾠ(1996).	 ﾠLinkage	 ﾠmapping	 ﾠof	 ﾠmurine	 ﾠ
homolog	 ﾠof	 ﾠthe	 ﾠyeast	 ﾠSPT6	 ﾠgene	 ﾠto	 ﾠMMU11B1.	 ﾠMamm	 ﾠGenome	 ﾠ7,	 ﾠ459-ﾭ‐460.	 ﾠ
Chu,	 ﾠY.,	 ﾠSutton,	 ﾠA.,	 ﾠSternglanz,	 ﾠR.,	 ﾠand	 ﾠPrelich,	 ﾠG.	 ﾠ(2006).	 ﾠThe	 ﾠBUR1	 ﾠcyclin-ﾭ‐dependent	 ﾠ
protein	 ﾠkinase	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠthe	 ﾠnormal	 ﾠpattern	 ﾠof	 ﾠhistone	 ﾠmethylation	 ﾠby	 ﾠSET2.	 ﾠMol	 ﾠCell	 ﾠ
Biol	 ﾠ26,	 ﾠ3029-ﾭ‐3038.	 ﾠ
Clark-ﾭ‐Adams,	 ﾠC.D.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1987).	 ﾠThe	 ﾠSPT6	 ﾠgene	 ﾠis	 ﾠessential	 ﾠfor	 ﾠgrowth	 ﾠand	 ﾠis	 ﾠ
required	 ﾠfor	 ﾠdelta-ﾭ‐mediated	 ﾠtranscription	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ7,	 ﾠ
679-ﾭ‐686.	 ﾠ
Close,	 ﾠD.,	 ﾠJohnson,	 ﾠS.J.,	 ﾠSdano,	 ﾠM.A.,	 ﾠMcDonald,	 ﾠS.M.,	 ﾠRobinson,	 ﾠH.,	 ﾠFormosa,	 ﾠT.,	 ﾠand	 ﾠHill,	 ﾠC.P.	 ﾠ
(2011).	 ﾠCrystal	 ﾠstructures	 ﾠof	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠSpt6	 ﾠcore	 ﾠand	 ﾠC-ﾭ‐terminal	 ﾠtandem	 ﾠSH2	 ﾠ
domain.	 ﾠJ	 ﾠMol	 ﾠBiol	 ﾠ408,	 ﾠ697-ﾭ‐713.	 ﾠ
Cygnar,	 ﾠD.,	 ﾠHagemeier,	 ﾠS.,	 ﾠKronemann,	 ﾠD.,	 ﾠand	 ﾠBresnahan,	 ﾠW.A.	 ﾠ(2012).	 ﾠThe	 ﾠcellular	 ﾠprotein	 ﾠ
SPT6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠefficient	 ﾠreplication	 ﾠof	 ﾠhuman	 ﾠcytomegalovirus.	 ﾠJ	 ﾠVirol	 ﾠ86,	 ﾠ2011-ﾭ‐2020.	 ﾠ	 ﾠ 46	 ﾠ
Czermin,	 ﾠB.,	 ﾠMelfi,	 ﾠR.,	 ﾠMcCabe,	 ﾠD.,	 ﾠSeitz,	 ﾠV.,	 ﾠImhof,	 ﾠA.,	 ﾠand	 ﾠPirrotta,	 ﾠV.	 ﾠ(2002).	 ﾠDrosophila	 ﾠ
enhancer	 ﾠof	 ﾠZeste/ESC	 ﾠcomplexes	 ﾠhave	 ﾠa	 ﾠhistone	 ﾠH3	 ﾠmethyltransferase	 ﾠactivity	 ﾠthat	 ﾠmarks	 ﾠ
chromosomal	 ﾠPolycomb	 ﾠsites.	 ﾠCell	 ﾠ111,	 ﾠ185-ﾭ‐196.	 ﾠ
Datta,	 ﾠA.,	 ﾠand	 ﾠJinks-ﾭ‐Robertson,	 ﾠS.	 ﾠ(1995).	 ﾠAssociation	 ﾠof	 ﾠincreased	 ﾠspontaneous	 ﾠmutation	 ﾠ
rates	 ﾠwith	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠtranscription	 ﾠin	 ﾠyeast.	 ﾠScience	 ﾠ268,	 ﾠ1616-ﾭ‐1619.	 ﾠ
De	 ﾠKoning,	 ﾠL.,	 ﾠCorpet,	 ﾠA.,	 ﾠHaber,	 ﾠJ.E.,	 ﾠand	 ﾠAlmouzni,	 ﾠG.	 ﾠ(2007).	 ﾠHistone	 ﾠchaperones:	 ﾠan	 ﾠescort	 ﾠ
network	 ﾠregulating	 ﾠhistone	 ﾠtraffic.	 ﾠNat	 ﾠStruct	 ﾠMol	 ﾠBiol	 ﾠ14,	 ﾠ997-ﾭ‐1007.	 ﾠ
Degennaro,	 ﾠC.M.,	 ﾠAlver,	 ﾠB.H.,	 ﾠMarguerat,	 ﾠS.,	 ﾠStepanova,	 ﾠE.,	 ﾠDavis,	 ﾠC.P.,	 ﾠBahler,	 ﾠJ.,	 ﾠPark,	 ﾠP.J.,	 ﾠand	 ﾠ
Winston,	 ﾠF.	 ﾠ(2013).	 ﾠSpt6	 ﾠregulates	 ﾠintragenic	 ﾠand	 ﾠantisense	 ﾠtranscription,	 ﾠnucleosome	 ﾠ
positioning,	 ﾠand	 ﾠhistone	 ﾠmodifications	 ﾠgenome-ﾭ‐wide	 ﾠin	 ﾠfission	 ﾠyeast.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ33,	 ﾠ4779-ﾭ‐
4792.	 ﾠ
Dengl,	 ﾠS.,	 ﾠMayer,	 ﾠA.,	 ﾠSun,	 ﾠM.,	 ﾠand	 ﾠCramer,	 ﾠP.	 ﾠ(2009).	 ﾠStructure	 ﾠand	 ﾠin	 ﾠvivo	 ﾠrequirement	 ﾠof	 ﾠthe	 ﾠ
yeast	 ﾠSpt6	 ﾠSH2	 ﾠdomain.	 ﾠJ	 ﾠMol	 ﾠBiol	 ﾠ389,	 ﾠ211-ﾭ‐225.	 ﾠ
Denis,	 ﾠC.L.	 ﾠ(1984).	 ﾠIdentification	 ﾠof	 ﾠnew	 ﾠgenes	 ﾠinvolved	 ﾠin	 ﾠthe	 ﾠregulation	 ﾠof	 ﾠyeast	 ﾠalcohol	 ﾠ
dehydrogenase	 ﾠII.	 ﾠGenetics	 ﾠ108,	 ﾠ833-ﾭ‐844.	 ﾠ
Denis,	 ﾠC.L.,	 ﾠand	 ﾠMalvar,	 ﾠT.	 ﾠ(1990).	 ﾠThe	 ﾠCCR4	 ﾠgene	 ﾠfrom	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠis	 ﾠ
required	 ﾠfor	 ﾠboth	 ﾠnonfermentative	 ﾠand	 ﾠspt-ﾭ‐mediated	 ﾠgene	 ﾠexpression.	 ﾠGenetics	 ﾠ124,	 ﾠ283-ﾭ‐
291.	 ﾠ
Dhalluin,	 ﾠC.,	 ﾠCarlson,	 ﾠJ.E.,	 ﾠZeng,	 ﾠL.,	 ﾠHe,	 ﾠC.,	 ﾠAggarwal,	 ﾠA.K.,	 ﾠand	 ﾠZhou,	 ﾠM.M.	 ﾠ(1999).	 ﾠStructure	 ﾠ
and	 ﾠligand	 ﾠof	 ﾠa	 ﾠhistone	 ﾠacetyltransferase	 ﾠbromodomain.	 ﾠNature	 ﾠ399,	 ﾠ491-ﾭ‐496.	 ﾠ
Diebold,	 ﾠM.L.,	 ﾠKoch,	 ﾠM.,	 ﾠLoeliger,	 ﾠE.,	 ﾠCura,	 ﾠV.,	 ﾠWinston,	 ﾠF.,	 ﾠCavarelli,	 ﾠJ.,	 ﾠand	 ﾠRomier,	 ﾠC.	 ﾠ
(2010a).	 ﾠThe	 ﾠstructure	 ﾠof	 ﾠan	 ﾠIws1/Spt6	 ﾠcomplex	 ﾠreveals	 ﾠan	 ﾠinteraction	 ﾠdomain	 ﾠconserved	 ﾠ
in	 ﾠTFIIS,	 ﾠElongin	 ﾠA	 ﾠand	 ﾠMed26.	 ﾠEMBO	 ﾠJ	 ﾠ29,	 ﾠ3979-ﾭ‐3991.	 ﾠ
Diebold,	 ﾠM.L.,	 ﾠLoeliger,	 ﾠE.,	 ﾠKoch,	 ﾠM.,	 ﾠWinston,	 ﾠF.,	 ﾠCavarelli,	 ﾠJ.,	 ﾠand	 ﾠRomier,	 ﾠC.	 ﾠ(2010b).	 ﾠ
Noncanonical	 ﾠtandem	 ﾠSH2	 ﾠenables	 ﾠinteraction	 ﾠof	 ﾠelongation	 ﾠfactor	 ﾠSpt6	 ﾠwith	 ﾠRNA	 ﾠ
polymerase	 ﾠII.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ285,	 ﾠ38389-ﾭ‐38398.	 ﾠ
Doherty,	 ﾠA.J.,	 ﾠSerpell,	 ﾠL.C.,	 ﾠand	 ﾠPonting,	 ﾠC.P.	 ﾠ(1996).	 ﾠThe	 ﾠhelix-ﾭ‐hairpin-ﾭ‐helix	 ﾠDNA-ﾭ‐binding	 ﾠ
motif:	 ﾠa	 ﾠstructural	 ﾠbasis	 ﾠfor	 ﾠnon-ﾭ‐sequence-ﾭ‐specific	 ﾠrecognition	 ﾠof	 ﾠDNA.	 ﾠNucleic	 ﾠAcids	 ﾠRes	 ﾠ
24,	 ﾠ2488-ﾭ‐2497.	 ﾠ	 ﾠ 47	 ﾠ
Dronamraju,	 ﾠR.,	 ﾠand	 ﾠStrahl,	 ﾠB.D.	 ﾠ(2014).	 ﾠA	 ﾠfeed	 ﾠforward	 ﾠcircuit	 ﾠcomprising	 ﾠSpt6,	 ﾠCtk1	 ﾠand	 ﾠ
PAF	 ﾠregulates	 ﾠPol	 ﾠII	 ﾠCTD	 ﾠphosphorylation	 ﾠand	 ﾠtranscription	 ﾠelongation.	 ﾠNucleic	 ﾠAcids	 ﾠRes	 ﾠ
42,	 ﾠ870-ﾭ‐881.	 ﾠ
Endoh,	 ﾠM.,	 ﾠZhu,	 ﾠW.,	 ﾠHasegawa,	 ﾠJ.,	 ﾠWatanabe,	 ﾠH.,	 ﾠKim,	 ﾠD.K.,	 ﾠAida,	 ﾠM.,	 ﾠInukai,	 ﾠN.,	 ﾠNarita,	 ﾠT.,	 ﾠ
Yamada,	 ﾠT.,	 ﾠFuruya,	 ﾠA.,	 ﾠet	 ﾠal.	 ﾠ(2004).	 ﾠHuman	 ﾠSpt6	 ﾠstimulates	 ﾠtranscription	 ﾠelongation	 ﾠby	 ﾠ
RNA	 ﾠpolymerase	 ﾠII	 ﾠin	 ﾠvitro.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ24,	 ﾠ3324-ﾭ‐3336.	 ﾠ
Evans,	 ﾠT.,	 ﾠRosenthal,	 ﾠE.T.,	 ﾠYoungblom,	 ﾠJ.,	 ﾠDistel,	 ﾠD.,	 ﾠand	 ﾠHunt,	 ﾠT.	 ﾠ(1983).	 ﾠCyclin:	 ﾠa	 ﾠprotein	 ﾠ
specified	 ﾠby	 ﾠmaternal	 ﾠmRNA	 ﾠin	 ﾠsea	 ﾠurchin	 ﾠeggs	 ﾠthat	 ﾠis	 ﾠdestroyed	 ﾠat	 ﾠeach	 ﾠcleavage	 ﾠdivision.	 ﾠ
Cell	 ﾠ33,	 ﾠ389-ﾭ‐396.	 ﾠ
Feser,	 ﾠJ.,	 ﾠTruong,	 ﾠD.,	 ﾠDas,	 ﾠC.,	 ﾠCarson,	 ﾠJ.J.,	 ﾠKieft,	 ﾠJ.,	 ﾠHarkness,	 ﾠT.,	 ﾠand	 ﾠTyler,	 ﾠJ.K.	 ﾠ(2010).	 ﾠElevated	 ﾠ
histone	 ﾠexpression	 ﾠpromotes	 ﾠlife	 ﾠspan	 ﾠextension.	 ﾠMol	 ﾠCell	 ﾠ39,	 ﾠ724-ﾭ‐735.	 ﾠ
Field,	 ﾠY.,	 ﾠKaplan,	 ﾠN.,	 ﾠFondufe-ﾭ‐Mittendorf,	 ﾠY.,	 ﾠMoore,	 ﾠI.K.,	 ﾠSharon,	 ﾠE.,	 ﾠLubling,	 ﾠY.,	 ﾠWidom,	 ﾠJ.,	 ﾠ
and	 ﾠSegal,	 ﾠE.	 ﾠ(2008).	 ﾠDistinct	 ﾠmodes	 ﾠof	 ﾠregulation	 ﾠby	 ﾠchromatin	 ﾠencoded	 ﾠthrough	 ﾠ
nucleosome	 ﾠpositioning	 ﾠsignals.	 ﾠPLoS	 ﾠComput	 ﾠBiol	 ﾠ4,	 ﾠe1000216.	 ﾠ
Fischbeck,	 ﾠJ.A.,	 ﾠKraemer,	 ﾠS.M.,	 ﾠand	 ﾠStargell,	 ﾠL.A.	 ﾠ(2002).	 ﾠSPN1,	 ﾠa	 ﾠconserved	 ﾠgene	 ﾠidentified	 ﾠ
by	 ﾠsuppression	 ﾠof	 ﾠa	 ﾠpostrecruitment-ﾭ‐defective	 ﾠyeast	 ﾠTATA-ﾭ‐binding	 ﾠprotein	 ﾠmutant.	 ﾠ
Genetics	 ﾠ162,	 ﾠ1605-ﾭ‐1616.	 ﾠ
Formosa,	 ﾠT.,	 ﾠRuone,	 ﾠS.,	 ﾠAdams,	 ﾠM.D.,	 ﾠOlsen,	 ﾠA.E.,	 ﾠEriksson,	 ﾠP.,	 ﾠYu,	 ﾠY.,	 ﾠRhoades,	 ﾠA.R.,	 ﾠKaufman,	 ﾠ
P.D.,	 ﾠand	 ﾠStillman,	 ﾠD.J.	 ﾠ(2002).	 ﾠDefects	 ﾠin	 ﾠSPT16	 ﾠor	 ﾠPOB3	 ﾠ(yFACT)	 ﾠin	 ﾠSaccharomyces	 ﾠ
cerevisiae	 ﾠcause	 ﾠdependence	 ﾠon	 ﾠthe	 ﾠHir/Hpc	 ﾠpathway:	 ﾠpolymerase	 ﾠpassage	 ﾠmay	 ﾠdegrade	 ﾠ
chromatin	 ﾠstructure.	 ﾠGenetics	 ﾠ162,	 ﾠ1557-ﾭ‐1571.	 ﾠ
Gallastegui,	 ﾠE.,	 ﾠMillan-ﾭ‐Zambrano,	 ﾠG.,	 ﾠTerme,	 ﾠJ.M.,	 ﾠChavez,	 ﾠS.,	 ﾠand	 ﾠJordan,	 ﾠA.	 ﾠ(2011).	 ﾠ
Chromatin	 ﾠreassembly	 ﾠfactors	 ﾠare	 ﾠinvolved	 ﾠin	 ﾠtranscriptional	 ﾠinterference	 ﾠpromoting	 ﾠHIV	 ﾠ
latency.	 ﾠJ	 ﾠVirol	 ﾠ85,	 ﾠ3187-ﾭ‐3202.	 ﾠ
Ginsburg,	 ﾠD.S.,	 ﾠGovind,	 ﾠC.K.,	 ﾠand	 ﾠHinnebusch,	 ﾠA.G.	 ﾠ(2009).	 ﾠNuA4	 ﾠlysine	 ﾠacetyltransferase	 ﾠ
Esa1	 ﾠis	 ﾠtargeted	 ﾠto	 ﾠcoding	 ﾠregions	 ﾠand	 ﾠstimulates	 ﾠtranscription	 ﾠelongation	 ﾠwith	 ﾠGcn5.	 ﾠMol	 ﾠ
Cell	 ﾠBiol	 ﾠ29,	 ﾠ6473-ﾭ‐6487.	 ﾠ
Gospodinov,	 ﾠA.,	 ﾠand	 ﾠHerceg,	 ﾠZ.	 ﾠ(2013).	 ﾠChromatin	 ﾠstructure	 ﾠin	 ﾠdouble	 ﾠstrand	 ﾠbreak	 ﾠrepair.	 ﾠ
DNA	 ﾠRepair	 ﾠ(Amst)	 ﾠ12,	 ﾠ800-ﾭ‐810.	 ﾠ	 ﾠ 48	 ﾠ
Grewal,	 ﾠS.I.	 ﾠ(2010).	 ﾠRNAi-ﾭ‐dependent	 ﾠformation	 ﾠof	 ﾠheterochromatin	 ﾠand	 ﾠits	 ﾠdiverse	 ﾠ
functions.	 ﾠCurr	 ﾠOpin	 ﾠGenet	 ﾠDev	 ﾠ20,	 ﾠ134-ﾭ‐141.	 ﾠ
Griffiths,	 ﾠA.J.F.	 ﾠ(2008).	 ﾠIntroduction	 ﾠto	 ﾠGenetic	 ﾠAnalysis,	 ﾠ9th	 ﾠedn	 ﾠ(New	 ﾠYork,	 ﾠW.H.	 ﾠFreeman	 ﾠ
and	 ﾠCo.).	 ﾠ
Groth,	 ﾠA.,	 ﾠRocha,	 ﾠW.,	 ﾠVerreault,	 ﾠA.,	 ﾠand	 ﾠAlmouzni,	 ﾠG.	 ﾠ(2007).	 ﾠChromatin	 ﾠchallenges	 ﾠduring	 ﾠ
DNA	 ﾠreplication	 ﾠand	 ﾠrepair.	 ﾠCell	 ﾠ128,	 ﾠ721-ﾭ‐733.	 ﾠ
Hahn,	 ﾠS.,	 ﾠand	 ﾠYoung,	 ﾠE.T.	 ﾠ(2011).	 ﾠTranscriptional	 ﾠregulation	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae:	 ﾠ
transcription	 ﾠfactor	 ﾠregulation	 ﾠand	 ﾠfunction,	 ﾠmechanisms	 ﾠof	 ﾠinitiation,	 ﾠand	 ﾠroles	 ﾠof	 ﾠ
activators	 ﾠand	 ﾠcoactivators.	 ﾠGenetics	 ﾠ189,	 ﾠ705-ﾭ‐736.	 ﾠ
Hampsey,	 ﾠM.	 ﾠ(1997).	 ﾠA	 ﾠreview	 ﾠof	 ﾠphenotypes	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠYeast	 ﾠ13,	 ﾠ1099-ﾭ‐
1133.	 ﾠ
Hartwell,	 ﾠL.H.,	 ﾠCulotti,	 ﾠJ.,	 ﾠand	 ﾠReid,	 ﾠB.	 ﾠ(1970).	 ﾠGenetic	 ﾠcontrol	 ﾠof	 ﾠthe	 ﾠcell-ﾭ‐division	 ﾠcycle	 ﾠin	 ﾠ
yeast.	 ﾠI.	 ﾠDetection	 ﾠof	 ﾠmutants.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ66,	 ﾠ352-ﾭ‐359.	 ﾠ
Hartwell,	 ﾠL.H.,	 ﾠMortimer,	 ﾠR.K.,	 ﾠCulotti,	 ﾠJ.,	 ﾠand	 ﾠCulotti,	 ﾠM.	 ﾠ(1973).	 ﾠGenetic	 ﾠControl	 ﾠof	 ﾠthe	 ﾠCell	 ﾠ
Division	 ﾠCycle	 ﾠin	 ﾠYeast:	 ﾠV.	 ﾠGenetic	 ﾠAnalysis	 ﾠof	 ﾠcdc	 ﾠMutants.	 ﾠGenetics	 ﾠ74,	 ﾠ267-ﾭ‐286.	 ﾠ
Hartzog,	 ﾠG.A.,	 ﾠWada,	 ﾠT.,	 ﾠHanda,	 ﾠH.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1998).	 ﾠEvidence	 ﾠthat	 ﾠSpt4,	 ﾠSpt5,	 ﾠand	 ﾠ
Spt6	 ﾠcontrol	 ﾠtranscription	 ﾠelongation	 ﾠby	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠ
Genes	 ﾠDev	 ﾠ12,	 ﾠ357-ﾭ‐369.	 ﾠ
Hassan,	 ﾠA.H.,	 ﾠNeely,	 ﾠK.E.,	 ﾠand	 ﾠWorkman,	 ﾠJ.L.	 ﾠ(2001).	 ﾠHistone	 ﾠacetyltransferase	 ﾠcomplexes	 ﾠ
stabilize	 ﾠswi/snf	 ﾠbinding	 ﾠto	 ﾠpromoter	 ﾠnucleosomes.	 ﾠCell	 ﾠ104,	 ﾠ817-ﾭ‐827.	 ﾠ
Hassan,	 ﾠA.H.,	 ﾠProchasson,	 ﾠP.,	 ﾠNeely,	 ﾠK.E.,	 ﾠGalasinski,	 ﾠS.C.,	 ﾠChandy,	 ﾠM.,	 ﾠCarrozza,	 ﾠM.J.,	 ﾠand	 ﾠ
Workman,	 ﾠJ.L.	 ﾠ(2002).	 ﾠFunction	 ﾠand	 ﾠselectivity	 ﾠof	 ﾠbromodomains	 ﾠin	 ﾠanchoring	 ﾠchromatin-ﾭ‐
modifying	 ﾠcomplexes	 ﾠto	 ﾠpromoter	 ﾠnucleosomes.	 ﾠCell	 ﾠ111,	 ﾠ369-ﾭ‐379.	 ﾠ
Hendriks,	 ﾠG.,	 ﾠCalleja,	 ﾠF.,	 ﾠBesaratinia,	 ﾠA.,	 ﾠVrieling,	 ﾠH.,	 ﾠPfeifer,	 ﾠG.P.,	 ﾠMullenders,	 ﾠL.H.,	 ﾠJansen,	 ﾠ
J.G.,	 ﾠand	 ﾠde	 ﾠWind,	 ﾠN.	 ﾠ(2010).	 ﾠTranscription-ﾭ‐dependent	 ﾠcytosine	 ﾠdeamination	 ﾠis	 ﾠa	 ﾠnovel	 ﾠ
mechanism	 ﾠin	 ﾠultraviolet	 ﾠlight-ﾭ‐induced	 ﾠmutagenesis.	 ﾠCurr	 ﾠBiol	 ﾠ20,	 ﾠ170-ﾭ‐175.	 ﾠ	 ﾠ 49	 ﾠ
Hendriks,	 ﾠG.,	 ﾠCalleja,	 ﾠF.,	 ﾠVrieling,	 ﾠH.,	 ﾠMullenders,	 ﾠL.H.,	 ﾠJansen,	 ﾠJ.G.,	 ﾠand	 ﾠde	 ﾠWind,	 ﾠN.	 ﾠ(2008).	 ﾠ
Gene	 ﾠtranscription	 ﾠincreases	 ﾠDNA	 ﾠdamage-ﾭ‐induced	 ﾠmutagenesis	 ﾠin	 ﾠmammalian	 ﾠstem	 ﾠcells.	 ﾠ
DNA	 ﾠRepair	 ﾠ(Amst)	 ﾠ7,	 ﾠ1330-ﾭ‐1339.	 ﾠ
Hilleren,	 ﾠP.,	 ﾠMcCarthy,	 ﾠT.,	 ﾠRosbash,	 ﾠM.,	 ﾠParker,	 ﾠR.,	 ﾠand	 ﾠJensen,	 ﾠT.H.	 ﾠ(2001).	 ﾠQuality	 ﾠcontrol	 ﾠof	 ﾠ
mRNA	 ﾠ3'-ﾭ‐end	 ﾠprocessing	 ﾠis	 ﾠlinked	 ﾠto	 ﾠthe	 ﾠnuclear	 ﾠexosome.	 ﾠNature	 ﾠ413,	 ﾠ538-ﾭ‐542.	 ﾠ
Hirschhorn,	 ﾠJ.N.,	 ﾠBrown,	 ﾠS.A.,	 ﾠClark,	 ﾠC.D.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1992).	 ﾠEvidence	 ﾠthat	 ﾠSNF2/SWI2	 ﾠ
and	 ﾠSNF5	 ﾠactivate	 ﾠtranscription	 ﾠin	 ﾠyeast	 ﾠby	 ﾠaltering	 ﾠchromatin	 ﾠstructure.	 ﾠGenes	 ﾠDev	 ﾠ6,	 ﾠ
2288-ﾭ‐2298.	 ﾠ
Honjo,	 ﾠT.,	 ﾠKinoshita,	 ﾠK.,	 ﾠand	 ﾠMuramatsu,	 ﾠM.	 ﾠ(2002).	 ﾠMolecular	 ﾠmechanism	 ﾠof	 ﾠclass	 ﾠswitch	 ﾠ
recombination:	 ﾠlinkage	 ﾠwith	 ﾠsomatic	 ﾠhypermutation.	 ﾠAnnu	 ﾠRev	 ﾠImmunol	 ﾠ20,	 ﾠ165-ﾭ‐196.	 ﾠ
Huertas,	 ﾠD.,	 ﾠSendra,	 ﾠR.,	 ﾠand	 ﾠMunoz,	 ﾠP.	 ﾠ(2009).	 ﾠChromatin	 ﾠdynamics	 ﾠcoupled	 ﾠto	 ﾠDNA	 ﾠrepair.	 ﾠ
Epigenetics	 ﾠ4,	 ﾠ31-ﾭ‐42.	 ﾠ
Ivanovska,	 ﾠI.,	 ﾠJacques,	 ﾠP.E.,	 ﾠRando,	 ﾠO.J.,	 ﾠRobert,	 ﾠF.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2011).	 ﾠControl	 ﾠof	 ﾠ
chromatin	 ﾠstructure	 ﾠby	 ﾠSpt6:	 ﾠdifferent	 ﾠconsequences	 ﾠin	 ﾠcoding	 ﾠand	 ﾠregulatory	 ﾠregions.	 ﾠMol	 ﾠ
Cell	 ﾠBiol	 ﾠ31,	 ﾠ531-ﾭ‐541.	 ﾠ
Jiang,	 ﾠC.,	 ﾠand	 ﾠPugh,	 ﾠB.F.	 ﾠ(2009).	 ﾠNucleosome	 ﾠpositioning	 ﾠand	 ﾠgene	 ﾠregulation:	 ﾠadvances	 ﾠ
through	 ﾠgenomics.	 ﾠNat	 ﾠRev	 ﾠGenet	 ﾠ10,	 ﾠ161-ﾭ‐172.	 ﾠ
Jin,	 ﾠJ.,	 ﾠBai,	 ﾠL.,	 ﾠJohnson,	 ﾠD.S.,	 ﾠFulbright,	 ﾠR.M.,	 ﾠKireeva,	 ﾠM.L.,	 ﾠKashlev,	 ﾠM.,	 ﾠand	 ﾠWang,	 ﾠM.D.	 ﾠ
(2010).	 ﾠSynergistic	 ﾠaction	 ﾠof	 ﾠRNA	 ﾠpolymerases	 ﾠin	 ﾠovercoming	 ﾠthe	 ﾠnucleosomal	 ﾠbarrier.	 ﾠNat	 ﾠ
Struct	 ﾠMol	 ﾠBiol	 ﾠ17,	 ﾠ745-ﾭ‐752.	 ﾠ
Johnson,	 ﾠS.J.,	 ﾠClose,	 ﾠD.,	 ﾠRobinson,	 ﾠH.,	 ﾠVallet-ﾭ‐Gely,	 ﾠI.,	 ﾠDove,	 ﾠS.L.,	 ﾠand	 ﾠHill,	 ﾠC.P.	 ﾠ(2008).	 ﾠCrystal	 ﾠ
structure	 ﾠand	 ﾠRNA	 ﾠbinding	 ﾠof	 ﾠthe	 ﾠTex	 ﾠprotein	 ﾠfrom	 ﾠPseudomonas	 ﾠaeruginosa.	 ﾠJ	 ﾠMol	 ﾠBiol	 ﾠ
377,	 ﾠ1460-ﾭ‐1473.	 ﾠ
Joshi,	 ﾠA.A.,	 ﾠand	 ﾠStruhl,	 ﾠK.	 ﾠ(2005).	 ﾠEaf3	 ﾠchromodomain	 ﾠinteraction	 ﾠwith	 ﾠmethylated	 ﾠH3-ﾭ‐K36	 ﾠ
links	 ﾠhistone	 ﾠdeacetylation	 ﾠto	 ﾠPol	 ﾠII	 ﾠelongation.	 ﾠMol	 ﾠCell	 ﾠ20,	 ﾠ971-ﾭ‐978.	 ﾠ
Kaplan,	 ﾠC.	 ﾠ(2002).	 ﾠSpt6,	 ﾠa	 ﾠconserved,	 ﾠessential	 ﾠregulator	 ﾠof	 ﾠchromatin	 ﾠstructure	 ﾠand	 ﾠ
transcription	 ﾠelongation	 ﾠby	 ﾠRNA	 ﾠPolymerase	 ﾠII	 ﾠ(Ph.D.	 ﾠThesis).	 ﾠIn	 ﾠDepartment	 ﾠof	 ﾠGenetics	 ﾠ
(Boston,	 ﾠHarvard	 ﾠMedical	 ﾠSchool).	 ﾠ	 ﾠ 50	 ﾠ
Kaplan,	 ﾠC.D.,	 ﾠHolland,	 ﾠM.J.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2005).	 ﾠInteraction	 ﾠbetween	 ﾠtranscription	 ﾠ
elongation	 ﾠfactors	 ﾠand	 ﾠmRNA	 ﾠ3'-ﾭ‐end	 ﾠformation	 ﾠat	 ﾠthe	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠGAL10-ﾭ‐
GAL7	 ﾠlocus.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ280,	 ﾠ913-ﾭ‐922.	 ﾠ
Kaplan,	 ﾠC.D.,	 ﾠLaprade,	 ﾠL.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2003).	 ﾠTranscription	 ﾠelongation	 ﾠfactors	 ﾠrepress	 ﾠ
transcription	 ﾠinitiation	 ﾠfrom	 ﾠcryptic	 ﾠsites.	 ﾠScience	 ﾠ301,	 ﾠ1096-ﾭ‐1099.	 ﾠ
Kaplan,	 ﾠC.D.,	 ﾠMorris,	 ﾠJ.R.,	 ﾠWu,	 ﾠC.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2000).	 ﾠSpt5	 ﾠand	 ﾠspt6	 ﾠare	 ﾠassociated	 ﾠwith	 ﾠ
active	 ﾠtranscription	 ﾠand	 ﾠhave	 ﾠcharacteristics	 ﾠof	 ﾠgeneral	 ﾠelongation	 ﾠfactors	 ﾠin	 ﾠD.	 ﾠ
melanogaster.	 ﾠGenes	 ﾠDev	 ﾠ14,	 ﾠ2623-ﾭ‐2634.	 ﾠ
Kaplan,	 ﾠN.,	 ﾠMoore,	 ﾠI.K.,	 ﾠFondufe-ﾭ‐Mittendorf,	 ﾠY.,	 ﾠGossett,	 ﾠA.J.,	 ﾠTillo,	 ﾠD.,	 ﾠField,	 ﾠY.,	 ﾠLeProust,	 ﾠE.M.,	 ﾠ
Hughes,	 ﾠT.R.,	 ﾠLieb,	 ﾠJ.D.,	 ﾠWidom,	 ﾠJ.,	 ﾠet	 ﾠal.	 ﾠ(2009).	 ﾠThe	 ﾠDNA-ﾭ‐encoded	 ﾠnucleosome	 ﾠorganization	 ﾠ
of	 ﾠa	 ﾠeukaryotic	 ﾠgenome.	 ﾠNature	 ﾠ458,	 ﾠ362-ﾭ‐366.	 ﾠ
Kato,	 ﾠH.,	 ﾠOkazaki,	 ﾠK.,	 ﾠIida,	 ﾠT.,	 ﾠNakayama,	 ﾠJ.,	 ﾠMurakami,	 ﾠY.,	 ﾠand	 ﾠUrano,	 ﾠT.	 ﾠ(2013).	 ﾠSpt6	 ﾠ
prevents	 ﾠtranscription-ﾭ‐coupled	 ﾠloss	 ﾠof	 ﾠposttranslationally	 ﾠmodified	 ﾠhistone	 ﾠH3.	 ﾠSci	 ﾠRep	 ﾠ3,	 ﾠ
2186.	 ﾠ
Keegan,	 ﾠB.R.,	 ﾠFeldman,	 ﾠJ.L.,	 ﾠLee,	 ﾠD.H.,	 ﾠKoos,	 ﾠD.S.,	 ﾠHo,	 ﾠR.K.,	 ﾠStainier,	 ﾠD.Y.,	 ﾠand	 ﾠYelon,	 ﾠD.	 ﾠ(2002).	 ﾠ
The	 ﾠelongation	 ﾠfactors	 ﾠPandora/Spt6	 ﾠand	 ﾠFoggy/Spt5	 ﾠpromote	 ﾠtranscription	 ﾠin	 ﾠthe	 ﾠ
zebrafish	 ﾠembryo.	 ﾠDevelopment	 ﾠ129,	 ﾠ1623-ﾭ‐1632.	 ﾠ
Kent,	 ﾠN.A.,	 ﾠAdams,	 ﾠS.,	 ﾠMoorhouse,	 ﾠA.,	 ﾠand	 ﾠPaszkiewicz,	 ﾠK.	 ﾠ(2011).	 ﾠChromatin	 ﾠparticle	 ﾠ
spectrum	 ﾠanalysis:	 ﾠa	 ﾠmethod	 ﾠfor	 ﾠcomparative	 ﾠchromatin	 ﾠstructure	 ﾠanalysis	 ﾠusing	 ﾠpaired-ﾭ‐
end	 ﾠmode	 ﾠnext-ﾭ‐generation	 ﾠDNA	 ﾠsequencing.	 ﾠNucleic	 ﾠAcids	 ﾠRes	 ﾠ39,	 ﾠe26.	 ﾠ
Keogh,	 ﾠM.C.,	 ﾠKurdistani,	 ﾠS.K.,	 ﾠMorris,	 ﾠS.A.,	 ﾠAhn,	 ﾠS.H.,	 ﾠPodolny,	 ﾠV.,	 ﾠCollins,	 ﾠS.R.,	 ﾠSchuldiner,	 ﾠM.,	 ﾠ
Chin,	 ﾠK.,	 ﾠPunna,	 ﾠT.,	 ﾠThompson,	 ﾠN.J.,	 ﾠet	 ﾠal.	 ﾠ(2005).	 ﾠCotranscriptional	 ﾠset2	 ﾠmethylation	 ﾠof	 ﾠ
histone	 ﾠH3	 ﾠlysine	 ﾠ36	 ﾠrecruits	 ﾠa	 ﾠrepressive	 ﾠRpd3	 ﾠcomplex.	 ﾠCell	 ﾠ123,	 ﾠ593-ﾭ‐605.	 ﾠ
Kiely,	 ﾠC.M.,	 ﾠMarguerat,	 ﾠS.,	 ﾠGarcia,	 ﾠJ.F.,	 ﾠMadhani,	 ﾠH.D.,	 ﾠBahler,	 ﾠJ.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2011).	 ﾠSpt6	 ﾠ
is	 ﾠrequired	 ﾠfor	 ﾠheterochromatic	 ﾠsilencing	 ﾠin	 ﾠthe	 ﾠfission	 ﾠyeast	 ﾠSchizosaccharomyces	 ﾠpombe.	 ﾠ
Mol	 ﾠCell	 ﾠBiol	 ﾠ31,	 ﾠ4193-ﾭ‐4204.	 ﾠ
Kim,	 ﾠJ.A.,	 ﾠand	 ﾠHaber,	 ﾠJ.E.	 ﾠ(2009).	 ﾠChromatin	 ﾠassembly	 ﾠfactors	 ﾠAsf1	 ﾠand	 ﾠCAF-ﾭ‐1	 ﾠhave	 ﾠ
overlapping	 ﾠroles	 ﾠin	 ﾠdeactivating	 ﾠthe	 ﾠDNA	 ﾠdamage	 ﾠcheckpoint	 ﾠwhen	 ﾠDNA	 ﾠrepair	 ﾠis	 ﾠ
complete.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ106,	 ﾠ1151-ﾭ‐1156.	 ﾠ	 ﾠ 51	 ﾠ
Kim,	 ﾠM.,	 ﾠAhn,	 ﾠS.H.,	 ﾠKrogan,	 ﾠN.J.,	 ﾠGreenblatt,	 ﾠJ.F.,	 ﾠand	 ﾠBuratowski,	 ﾠS.	 ﾠ(2004).	 ﾠTransitions	 ﾠin	 ﾠ
RNA	 ﾠpolymerase	 ﾠII	 ﾠelongation	 ﾠcomplexes	 ﾠat	 ﾠthe	 ﾠ3'	 ﾠends	 ﾠof	 ﾠgenes.	 ﾠEMBO	 ﾠJ	 ﾠ23,	 ﾠ354-ﾭ‐364.	 ﾠ
Kinoshita,	 ﾠE.,	 ﾠvan	 ﾠder	 ﾠLinden,	 ﾠE.,	 ﾠSanchez,	 ﾠH.,	 ﾠand	 ﾠWyman,	 ﾠC.	 ﾠ(2009).	 ﾠRAD50,	 ﾠan	 ﾠSMC	 ﾠfamily	 ﾠ
member	 ﾠwith	 ﾠmultiple	 ﾠroles	 ﾠin	 ﾠDNA	 ﾠbreak	 ﾠrepair:	 ﾠhow	 ﾠdoes	 ﾠATP	 ﾠaffect	 ﾠfunction?	 ﾠ
Chromosome	 ﾠRes	 ﾠ17,	 ﾠ277-ﾭ‐288.	 ﾠ
Kinoshita,	 ﾠK.,	 ﾠand	 ﾠHonjo,	 ﾠT.	 ﾠ(2001).	 ﾠLinking	 ﾠclass-ﾭ‐switch	 ﾠrecombination	 ﾠwith	 ﾠsomatic	 ﾠ
hypermutation.	 ﾠNat	 ﾠRev	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ2,	 ﾠ493-ﾭ‐503.	 ﾠ
Klapacz,	 ﾠJ.,	 ﾠand	 ﾠBhagwat,	 ﾠA.S.	 ﾠ(2002).	 ﾠTranscription-ﾭ‐dependent	 ﾠincrease	 ﾠin	 ﾠmultiple	 ﾠclasses	 ﾠ
of	 ﾠbase	 ﾠsubstitution	 ﾠmutations	 ﾠin	 ﾠEscherichia	 ﾠcoli.	 ﾠJ	 ﾠBacteriol	 ﾠ184,	 ﾠ6866-ﾭ‐6872.	 ﾠ
Kok,	 ﾠF.O.,	 ﾠOster,	 ﾠE.,	 ﾠMentzer,	 ﾠL.,	 ﾠHsieh,	 ﾠJ.C.,	 ﾠHenry,	 ﾠC.A.,	 ﾠand	 ﾠSirotkin,	 ﾠH.I.	 ﾠ(2007).	 ﾠThe	 ﾠrole	 ﾠof	 ﾠ
the	 ﾠSPT6	 ﾠchromatin	 ﾠremodeling	 ﾠfactor	 ﾠin	 ﾠzebrafish	 ﾠembryogenesis.	 ﾠDev	 ﾠBiol	 ﾠ307,	 ﾠ214-ﾭ‐226.	 ﾠ
Krogan,	 ﾠN.J.,	 ﾠKim,	 ﾠM.,	 ﾠAhn,	 ﾠS.H.,	 ﾠZhong,	 ﾠG.,	 ﾠKobor,	 ﾠM.S.,	 ﾠCagney,	 ﾠG.,	 ﾠEmili,	 ﾠA.,	 ﾠShilatifard,	 ﾠA.,	 ﾠ
Buratowski,	 ﾠS.,	 ﾠand	 ﾠGreenblatt,	 ﾠJ.F.	 ﾠ(2002).	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠelongation	 ﾠfactors	 ﾠof	 ﾠ
Saccharomyces	 ﾠcerevisiae:	 ﾠa	 ﾠtargeted	 ﾠproteomics	 ﾠapproach.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ22,	 ﾠ6979-ﾭ‐6992.	 ﾠ
Kulaeva,	 ﾠO.I.,	 ﾠGaykalova,	 ﾠD.A.,	 ﾠPestov,	 ﾠN.A.,	 ﾠGolovastov,	 ﾠV.V.,	 ﾠVassylyev,	 ﾠD.G.,	 ﾠArtsimovitch,	 ﾠI.,	 ﾠ
and	 ﾠStuditsky,	 ﾠV.M.	 ﾠ(2009).	 ﾠMechanism	 ﾠof	 ﾠchromatin	 ﾠremodeling	 ﾠand	 ﾠrecovery	 ﾠduring	 ﾠ
passage	 ﾠof	 ﾠRNA	 ﾠpolymerase	 ﾠII.	 ﾠNat	 ﾠStruct	 ﾠMol	 ﾠBiol	 ﾠ16,	 ﾠ1272-ﾭ‐1278.	 ﾠ
Kulaeva,	 ﾠO.I.,	 ﾠGaykalova,	 ﾠD.A.,	 ﾠand	 ﾠStuditsky,	 ﾠV.M.	 ﾠ(2007).	 ﾠTranscription	 ﾠthrough	 ﾠchromatin	 ﾠ
by	 ﾠRNA	 ﾠpolymerase	 ﾠII:	 ﾠhistone	 ﾠdisplacement	 ﾠand	 ﾠexchange.	 ﾠMutat	 ﾠRes	 ﾠ618,	 ﾠ116-ﾭ‐129.	 ﾠ
Kulaeva,	 ﾠO.I.,	 ﾠHsieh,	 ﾠF.K.,	 ﾠand	 ﾠStuditsky,	 ﾠV.M.	 ﾠ(2010).	 ﾠRNA	 ﾠpolymerase	 ﾠcomplexes	 ﾠcooperate	 ﾠ
to	 ﾠrelieve	 ﾠthe	 ﾠnucleosomal	 ﾠbarrier	 ﾠand	 ﾠevict	 ﾠhistones.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ107,	 ﾠ11325-ﾭ‐
11330.	 ﾠ
Kuzmichev,	 ﾠA.,	 ﾠNishioka,	 ﾠK.,	 ﾠErdjument-ﾭ‐Bromage,	 ﾠH.,	 ﾠTempst,	 ﾠP.,	 ﾠand	 ﾠReinberg,	 ﾠD.	 ﾠ(2002).	 ﾠ
Histone	 ﾠmethyltransferase	 ﾠactivity	 ﾠassociated	 ﾠwith	 ﾠa	 ﾠhuman	 ﾠmultiprotein	 ﾠcomplex	 ﾠ
containing	 ﾠthe	 ﾠEnhancer	 ﾠof	 ﾠZeste	 ﾠprotein.	 ﾠGenes	 ﾠDev	 ﾠ16,	 ﾠ2893-ﾭ‐2905.	 ﾠ
Lee,	 ﾠJ.S.,	 ﾠand	 ﾠShilatifard,	 ﾠA.	 ﾠ(2007).	 ﾠA	 ﾠsite	 ﾠto	 ﾠremember:	 ﾠH3K36	 ﾠmethylation	 ﾠa	 ﾠmark	 ﾠfor	 ﾠ
histone	 ﾠdeacetylation.	 ﾠMutat	 ﾠRes	 ﾠ618,	 ﾠ130-ﾭ‐134.	 ﾠ	 ﾠ 52	 ﾠ
Lee,	 ﾠK.K.,	 ﾠand	 ﾠWorkman,	 ﾠJ.L.	 ﾠ(2007).	 ﾠHistone	 ﾠacetyltransferase	 ﾠcomplexes:	 ﾠone	 ﾠsize	 ﾠdoesn't	 ﾠ
fit	 ﾠall.	 ﾠNat	 ﾠRev	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ8,	 ﾠ284-ﾭ‐295.	 ﾠ
Lee,	 ﾠM.G.,	 ﾠand	 ﾠNurse,	 ﾠP.	 ﾠ(1987).	 ﾠComplementation	 ﾠused	 ﾠto	 ﾠclone	 ﾠa	 ﾠhuman	 ﾠhomologue	 ﾠof	 ﾠthe	 ﾠ
fission	 ﾠyeast	 ﾠcell	 ﾠcycle	 ﾠcontrol	 ﾠgene	 ﾠcdc2.	 ﾠNature	 ﾠ327,	 ﾠ31-ﾭ‐35.	 ﾠ
Lee,	 ﾠW.,	 ﾠTillo,	 ﾠD.,	 ﾠBray,	 ﾠN.,	 ﾠMorse,	 ﾠR.H.,	 ﾠDavis,	 ﾠR.W.,	 ﾠHughes,	 ﾠT.R.,	 ﾠand	 ﾠNislow,	 ﾠC.	 ﾠ(2007).	 ﾠA	 ﾠ
high-ﾭ‐resolution	 ﾠatlas	 ﾠof	 ﾠnucleosome	 ﾠoccupancy	 ﾠin	 ﾠyeast.	 ﾠNat	 ﾠGenet	 ﾠ39,	 ﾠ1235-ﾭ‐1244.	 ﾠ
Legras,	 ﾠJ.L.,	 ﾠMerdinoglu,	 ﾠD.,	 ﾠCornuet,	 ﾠJ.M.,	 ﾠand	 ﾠKarst,	 ﾠF.	 ﾠ(2007).	 ﾠBread,	 ﾠbeer	 ﾠand	 ﾠwine:	 ﾠ
Saccharomyces	 ﾠcerevisiae	 ﾠdiversity	 ﾠreflects	 ﾠhuman	 ﾠhistory.	 ﾠMol	 ﾠEcol	 ﾠ16,	 ﾠ2091-ﾭ‐2102.	 ﾠ
Li,	 ﾠB.,	 ﾠGogol,	 ﾠM.,	 ﾠCarey,	 ﾠM.,	 ﾠPattenden,	 ﾠS.G.,	 ﾠSeidel,	 ﾠC.,	 ﾠand	 ﾠWorkman,	 ﾠJ.L.	 ﾠ(2007).	 ﾠInfrequently	 ﾠ
transcribed	 ﾠlong	 ﾠgenes	 ﾠdepend	 ﾠon	 ﾠthe	 ﾠSet2/Rpd3S	 ﾠpathway	 ﾠfor	 ﾠaccurate	 ﾠtranscription.	 ﾠ
Genes	 ﾠDev	 ﾠ21,	 ﾠ1422-ﾭ‐1430.	 ﾠ
Li,	 ﾠL.,	 ﾠYe,	 ﾠH.,	 ﾠGuo,	 ﾠH.,	 ﾠand	 ﾠYin,	 ﾠY.	 ﾠ(2010).	 ﾠArabidopsis	 ﾠIWS1	 ﾠinteracts	 ﾠwith	 ﾠtranscription	 ﾠ
factor	 ﾠBES1	 ﾠand	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠplant	 ﾠsteroid	 ﾠhormone	 ﾠbrassinosteroid	 ﾠregulated	 ﾠgene	 ﾠ
expression.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ107,	 ﾠ3918-ﾭ‐3923.	 ﾠ
Lindstrom,	 ﾠD.L.,	 ﾠSquazzo,	 ﾠS.L.,	 ﾠMuster,	 ﾠN.,	 ﾠBurckin,	 ﾠT.A.,	 ﾠWachter,	 ﾠK.C.,	 ﾠEmigh,	 ﾠC.A.,	 ﾠMcCleery,	 ﾠ
J.A.,	 ﾠYates,	 ﾠJ.R.,	 ﾠ3rd,	 ﾠand	 ﾠHartzog,	 ﾠG.A.	 ﾠ(2003).	 ﾠDual	 ﾠroles	 ﾠfor	 ﾠSpt5	 ﾠin	 ﾠpre-ﾭ‐mRNA	 ﾠprocessing	 ﾠ
and	 ﾠtranscription	 ﾠelongation	 ﾠrevealed	 ﾠby	 ﾠidentification	 ﾠof	 ﾠSpt5-ﾭ‐associated	 ﾠproteins.	 ﾠMol	 ﾠ
Cell	 ﾠBiol	 ﾠ23,	 ﾠ1368-ﾭ‐1378.	 ﾠ
Ling,	 ﾠY.,	 ﾠSmith,	 ﾠA.J.,	 ﾠand	 ﾠMorgan,	 ﾠG.T.	 ﾠ(2006).	 ﾠA	 ﾠsequence	 ﾠmotif	 ﾠconserved	 ﾠin	 ﾠdiverse	 ﾠnuclear	 ﾠ
proteins	 ﾠidentifies	 ﾠa	 ﾠprotein	 ﾠinteraction	 ﾠdomain	 ﾠutilised	 ﾠfor	 ﾠnuclear	 ﾠtargeting	 ﾠby	 ﾠhuman	 ﾠ
TFIIS.	 ﾠNucleic	 ﾠAcids	 ﾠRes	 ﾠ34,	 ﾠ2219-ﾭ‐2229.	 ﾠ
Lippert,	 ﾠM.J.,	 ﾠKim,	 ﾠN.,	 ﾠCho,	 ﾠJ.E.,	 ﾠLarson,	 ﾠR.P.,	 ﾠSchoenly,	 ﾠN.E.,	 ﾠO'Shea,	 ﾠS.H.,	 ﾠand	 ﾠJinks-ﾭ‐Robertson,	 ﾠ
S.	 ﾠ(2011).	 ﾠRole	 ﾠfor	 ﾠtopoisomerase	 ﾠ1	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠin	 ﾠyeast.	 ﾠProc	 ﾠ
Natl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ108,	 ﾠ698-ﾭ‐703.	 ﾠ
Lisby,	 ﾠM.,	 ﾠBarlow,	 ﾠJ.H.,	 ﾠBurgess,	 ﾠR.C.,	 ﾠand	 ﾠRothstein,	 ﾠR.	 ﾠ(2004).	 ﾠChoreography	 ﾠof	 ﾠthe	 ﾠDNA	 ﾠ
damage	 ﾠresponse:	 ﾠspatiotemporal	 ﾠrelationships	 ﾠamong	 ﾠcheckpoint	 ﾠand	 ﾠrepair	 ﾠproteins.	 ﾠCell	 ﾠ
118,	 ﾠ699-ﾭ‐713.	 ﾠ
Lisby,	 ﾠM.,	 ﾠand	 ﾠRothstein,	 ﾠR.	 ﾠ(2009).	 ﾠChoreography	 ﾠof	 ﾠrecombination	 ﾠproteins	 ﾠduring	 ﾠthe	 ﾠ
DNA	 ﾠdamage	 ﾠresponse.	 ﾠDNA	 ﾠRepair	 ﾠ(Amst)	 ﾠ8,	 ﾠ1068-ﾭ‐1076.	 ﾠ	 ﾠ 53	 ﾠ
Liu,	 ﾠJ.,	 ﾠZhang,	 ﾠJ.,	 ﾠGong,	 ﾠQ.,	 ﾠXiong,	 ﾠP.,	 ﾠHuang,	 ﾠH.,	 ﾠWu,	 ﾠB.,	 ﾠLu,	 ﾠG.,	 ﾠWu,	 ﾠJ.,	 ﾠand	 ﾠShi,	 ﾠY.	 ﾠ(2011).	 ﾠ
Solution	 ﾠstructure	 ﾠof	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠfrom	 ﾠSpt6	 ﾠprotein	 ﾠand	 ﾠtheir	 ﾠbinding	 ﾠto	 ﾠthe	 ﾠ
phosphorylated	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠC-ﾭ‐terminal	 ﾠdomain.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ286,	 ﾠ29218-ﾭ‐29226.	 ﾠ
Liu,	 ﾠZ.,	 ﾠZhou,	 ﾠZ.,	 ﾠChen,	 ﾠG.,	 ﾠand	 ﾠBao,	 ﾠS.	 ﾠ(2007).	 ﾠA	 ﾠputative	 ﾠtranscriptional	 ﾠelongation	 ﾠfactor	 ﾠ
hIws1	 ﾠis	 ﾠessential	 ﾠfor	 ﾠmammalian	 ﾠcell	 ﾠproliferation.	 ﾠBiochem	 ﾠBiophys	 ﾠRes	 ﾠCommun	 ﾠ353,	 ﾠ
47-ﾭ‐53.	 ﾠ
Longhese,	 ﾠM.P.,	 ﾠClerici,	 ﾠM.,	 ﾠand	 ﾠLucchini,	 ﾠG.	 ﾠ(2003).	 ﾠThe	 ﾠS-ﾭ‐phase	 ﾠcheckpoint	 ﾠand	 ﾠits	 ﾠ
regulation	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠMutat	 ﾠRes	 ﾠ532,	 ﾠ41-ﾭ‐58.	 ﾠ
Maclennan,	 ﾠA.J.,	 ﾠand	 ﾠShaw,	 ﾠG.	 ﾠ(1993).	 ﾠA	 ﾠyeast	 ﾠSH2	 ﾠdomain.	 ﾠTrends	 ﾠBiochem	 ﾠSci	 ﾠ18,	 ﾠ464-ﾭ‐465.	 ﾠ
Malagon,	 ﾠF.,	 ﾠand	 ﾠAguilera,	 ﾠA.	 ﾠ(1996).	 ﾠDifferential	 ﾠintrachromosomal	 ﾠhyper-ﾭ‐recombination	 ﾠ
phenotype	 ﾠof	 ﾠspt4	 ﾠand	 ﾠspt6	 ﾠmutants	 ﾠof	 ﾠS.	 ﾠcerevisiae.	 ﾠCurr	 ﾠGenet	 ﾠ30,	 ﾠ101-ﾭ‐106.	 ﾠ
Malagon,	 ﾠF.,	 ﾠand	 ﾠAguilera,	 ﾠA.	 ﾠ(2001).	 ﾠYeast	 ﾠspt6-ﾭ‐140	 ﾠmutation,	 ﾠaffecting	 ﾠchromatin	 ﾠand	 ﾠ
transcription,	 ﾠpreferentially	 ﾠincreases	 ﾠrecombination	 ﾠin	 ﾠwhich	 ﾠRad51p-ﾭ‐mediated	 ﾠstrand	 ﾠ
exchange	 ﾠis	 ﾠdispensable.	 ﾠGenetics	 ﾠ158,	 ﾠ597-ﾭ‐611.	 ﾠ
Malone,	 ﾠE.A.,	 ﾠClark,	 ﾠC.D.,	 ﾠChiang,	 ﾠA.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1991).	 ﾠMutations	 ﾠin	 ﾠSPT16/CDC68	 ﾠ
suppress	 ﾠcis-ﾭ‐	 ﾠand	 ﾠtrans-ﾭ‐acting	 ﾠmutations	 ﾠthat	 ﾠaffect	 ﾠpromoter	 ﾠfunction	 ﾠin	 ﾠSaccharomyces	 ﾠ
cerevisiae.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ11,	 ﾠ5710-ﾭ‐5717.	 ﾠ
Martens,	 ﾠJ.A.,	 ﾠWu,	 ﾠP.Y.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2005).	 ﾠRegulation	 ﾠof	 ﾠan	 ﾠintergenic	 ﾠtranscript	 ﾠ
controls	 ﾠadjacent	 ﾠgene	 ﾠtranscription	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠGenes	 ﾠDev	 ﾠ19,	 ﾠ2695-ﾭ‐
2704.	 ﾠ
Mas,	 ﾠG.,	 ﾠde	 ﾠNadal,	 ﾠE.,	 ﾠDechant,	 ﾠR.,	 ﾠRodriguez	 ﾠde	 ﾠla	 ﾠConcepcion,	 ﾠM.L.,	 ﾠLogie,	 ﾠC.,	 ﾠJimeno-ﾭ‐
Gonzalez,	 ﾠS.,	 ﾠChavez,	 ﾠS.,	 ﾠAmmerer,	 ﾠG.,	 ﾠand	 ﾠPosas,	 ﾠF.	 ﾠ(2009).	 ﾠRecruitment	 ﾠof	 ﾠa	 ﾠchromatin	 ﾠ
remodelling	 ﾠcomplex	 ﾠby	 ﾠthe	 ﾠHog1	 ﾠMAP	 ﾠkinase	 ﾠto	 ﾠstress	 ﾠgenes.	 ﾠEMBO	 ﾠJ	 ﾠ28,	 ﾠ326-ﾭ‐336.	 ﾠ
Mason,	 ﾠP.B.,	 ﾠand	 ﾠStruhl,	 ﾠK.	 ﾠ(2003).	 ﾠThe	 ﾠFACT	 ﾠcomplex	 ﾠtravels	 ﾠwith	 ﾠelongating	 ﾠRNA	 ﾠ
polymerase	 ﾠII	 ﾠand	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠthe	 ﾠfidelity	 ﾠof	 ﾠtranscriptional	 ﾠinitiation	 ﾠin	 ﾠvivo.	 ﾠMol	 ﾠCell	 ﾠ
Biol	 ﾠ23,	 ﾠ8323-ﾭ‐8333.	 ﾠ
Mavrich,	 ﾠT.N.,	 ﾠIoshikhes,	 ﾠI.P.,	 ﾠVenters,	 ﾠB.J.,	 ﾠJiang,	 ﾠC.,	 ﾠTomsho,	 ﾠL.P.,	 ﾠQi,	 ﾠJ.,	 ﾠSchuster,	 ﾠS.C.,	 ﾠAlbert,	 ﾠ
I.,	 ﾠand	 ﾠPugh,	 ﾠB.F.	 ﾠ(2008).	 ﾠA	 ﾠbarrier	 ﾠnucleosome	 ﾠmodel	 ﾠfor	 ﾠstatistical	 ﾠpositioning	 ﾠof	 ﾠ
nucleosomes	 ﾠthroughout	 ﾠthe	 ﾠyeast	 ﾠgenome.	 ﾠGenome	 ﾠRes	 ﾠ18,	 ﾠ1073-ﾭ‐1083.	 ﾠ	 ﾠ 54	 ﾠ
Mayer,	 ﾠA.,	 ﾠHeidemann,	 ﾠM.,	 ﾠLidschreiber,	 ﾠM.,	 ﾠSchreieck,	 ﾠA.,	 ﾠSun,	 ﾠM.,	 ﾠHintermair,	 ﾠC.,	 ﾠKremmer,	 ﾠ
E.,	 ﾠEick,	 ﾠD.,	 ﾠand	 ﾠCramer,	 ﾠP.	 ﾠ(2012).	 ﾠCTD	 ﾠtyrosine	 ﾠphosphorylation	 ﾠimpairs	 ﾠtermination	 ﾠ
factor	 ﾠrecruitment	 ﾠto	 ﾠRNA	 ﾠpolymerase	 ﾠII.	 ﾠScience	 ﾠ336,	 ﾠ1723-ﾭ‐1725.	 ﾠ
Mayer,	 ﾠA.,	 ﾠLidschreiber,	 ﾠM.,	 ﾠSiebert,	 ﾠM.,	 ﾠLeike,	 ﾠK.,	 ﾠSoding,	 ﾠJ.,	 ﾠand	 ﾠCramer,	 ﾠP.	 ﾠ(2010).	 ﾠUniform	 ﾠ
transitions	 ﾠof	 ﾠthe	 ﾠgeneral	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠtranscription	 ﾠcomplex.	 ﾠNat	 ﾠStruct	 ﾠMol	 ﾠBiol	 ﾠ17,	 ﾠ
1272-ﾭ‐1278.	 ﾠ
McDonald,	 ﾠS.M.,	 ﾠClose,	 ﾠD.,	 ﾠXin,	 ﾠH.,	 ﾠFormosa,	 ﾠT.,	 ﾠand	 ﾠHill,	 ﾠC.P.	 ﾠ(2010).	 ﾠStructure	 ﾠand	 ﾠbiological	 ﾠ
importance	 ﾠof	 ﾠthe	 ﾠSpn1-ﾭ‐Spt6	 ﾠinteraction,	 ﾠand	 ﾠits	 ﾠregulatory	 ﾠrole	 ﾠin	 ﾠnucleosome	 ﾠbinding.	 ﾠ
Mol	 ﾠCell	 ﾠ40,	 ﾠ725-ﾭ‐735.	 ﾠ
Mischo,	 ﾠH.E.,	 ﾠGomez-ﾭ‐Gonzalez,	 ﾠB.,	 ﾠGrzechnik,	 ﾠP.,	 ﾠRondon,	 ﾠA.G.,	 ﾠWei,	 ﾠW.,	 ﾠSteinmetz,	 ﾠL.,	 ﾠ
Aguilera,	 ﾠA.,	 ﾠand	 ﾠProudfoot,	 ﾠN.J.	 ﾠ(2011).	 ﾠYeast	 ﾠSen1	 ﾠhelicase	 ﾠprotects	 ﾠthe	 ﾠgenome	 ﾠfrom	 ﾠ
transcription-ﾭ‐associated	 ﾠinstability.	 ﾠMol	 ﾠCell	 ﾠ41,	 ﾠ21-ﾭ‐32.	 ﾠ
Moazed,	 ﾠD.,	 ﾠBuhler,	 ﾠM.,	 ﾠBuker,	 ﾠS.M.,	 ﾠColmenares,	 ﾠS.U.,	 ﾠGerace,	 ﾠE.L.,	 ﾠGerber,	 ﾠS.A.,	 ﾠHong,	 ﾠE.J.,	 ﾠ
Motamedi,	 ﾠM.R.,	 ﾠVerdel,	 ﾠA.,	 ﾠVillen,	 ﾠJ.,	 ﾠet	 ﾠal.	 ﾠ(2006).	 ﾠStudies	 ﾠon	 ﾠthe	 ﾠmechanism	 ﾠof	 ﾠRNAi-ﾭ‐
dependent	 ﾠheterochromatin	 ﾠassembly.	 ﾠCold	 ﾠSpring	 ﾠHarb	 ﾠSymp	 ﾠQuant	 ﾠBiol	 ﾠ71,	 ﾠ461-ﾭ‐471.	 ﾠ
Muller,	 ﾠJ.,	 ﾠHart,	 ﾠC.M.,	 ﾠFrancis,	 ﾠN.J.,	 ﾠVargas,	 ﾠM.L.,	 ﾠSengupta,	 ﾠA.,	 ﾠWild,	 ﾠB.,	 ﾠMiller,	 ﾠE.L.,	 ﾠO'Connor,	 ﾠ
M.B.,	 ﾠKingston,	 ﾠR.E.,	 ﾠand	 ﾠSimon,	 ﾠJ.A.	 ﾠ(2002).	 ﾠHistone	 ﾠmethyltransferase	 ﾠactivity	 ﾠof	 ﾠa	 ﾠ
Drosophila	 ﾠPolycomb	 ﾠgroup	 ﾠrepressor	 ﾠcomplex.	 ﾠCell	 ﾠ111,	 ﾠ197-ﾭ‐208.	 ﾠ
Muramatsu,	 ﾠM.,	 ﾠNagaoka,	 ﾠH.,	 ﾠShinkura,	 ﾠR.,	 ﾠBegum,	 ﾠN.A.,	 ﾠand	 ﾠHonjo,	 ﾠT.	 ﾠ(2007).	 ﾠDiscovery	 ﾠof	 ﾠ
activation-ﾭ‐induced	 ﾠcytidine	 ﾠdeaminase,	 ﾠthe	 ﾠengraver	 ﾠof	 ﾠantibody	 ﾠmemory.	 ﾠAdv	 ﾠImmunol	 ﾠ94,	 ﾠ
1-ﾭ‐36.	 ﾠ
Nakamura,	 ﾠM.,	 ﾠBasavarajaiah,	 ﾠP.,	 ﾠRousset,	 ﾠE.,	 ﾠBeraud,	 ﾠC.,	 ﾠLatreille,	 ﾠD.,	 ﾠHenaoui,	 ﾠI.S.,	 ﾠLassot,	 ﾠI.,	 ﾠ
Mari,	 ﾠB.,	 ﾠand	 ﾠKiernan,	 ﾠR.	 ﾠ(2012).	 ﾠSpt6	 ﾠlevels	 ﾠare	 ﾠmodulated	 ﾠby	 ﾠPAAF1	 ﾠand	 ﾠproteasome	 ﾠto	 ﾠ
regulate	 ﾠthe	 ﾠHIV-ﾭ‐1	 ﾠLTR.	 ﾠRetrovirology	 ﾠ9,	 ﾠ13.	 ﾠ
Neigeborn,	 ﾠL.,	 ﾠand	 ﾠCarlson,	 ﾠM.	 ﾠ(1984).	 ﾠGenes	 ﾠaffecting	 ﾠthe	 ﾠregulation	 ﾠof	 ﾠSUC2	 ﾠgene	 ﾠ
expression	 ﾠby	 ﾠglucose	 ﾠrepression	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠGenetics	 ﾠ108,	 ﾠ845-ﾭ‐858.	 ﾠ
Neigeborn,	 ﾠL.,	 ﾠCelenza,	 ﾠJ.L.,	 ﾠand	 ﾠCarlson,	 ﾠM.	 ﾠ(1987).	 ﾠSSN20	 ﾠis	 ﾠan	 ﾠessential	 ﾠgene	 ﾠwith	 ﾠmutant	 ﾠ
alleles	 ﾠthat	 ﾠsuppress	 ﾠdefects	 ﾠin	 ﾠSUC2	 ﾠtranscription	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠMol	 ﾠCell	 ﾠ
Biol	 ﾠ7,	 ﾠ672-ﾭ‐678.	 ﾠ	 ﾠ 55	 ﾠ
Neigeborn,	 ﾠL.,	 ﾠRubin,	 ﾠK.,	 ﾠand	 ﾠCarlson,	 ﾠM.	 ﾠ(1986).	 ﾠSuppressors	 ﾠof	 ﾠSNF2	 ﾠmutations	 ﾠrestore	 ﾠ
invertase	 ﾠderepression	 ﾠand	 ﾠcause	 ﾠtemperature-ﾭ‐sensitive	 ﾠlethality	 ﾠin	 ﾠyeast.	 ﾠGenetics	 ﾠ112,	 ﾠ
741-ﾭ‐753.	 ﾠ
Neumuller,	 ﾠR.A.,	 ﾠWirtz-ﾭ‐Peitz,	 ﾠF.,	 ﾠLee,	 ﾠS.,	 ﾠKwon,	 ﾠY.,	 ﾠBuckner,	 ﾠM.,	 ﾠHoskins,	 ﾠR.A.,	 ﾠVenken,	 ﾠK.J.,	 ﾠ
Bellen,	 ﾠH.J.,	 ﾠMohr,	 ﾠS.E.,	 ﾠand	 ﾠPerrimon,	 ﾠN.	 ﾠ(2012).	 ﾠStringent	 ﾠanalysis	 ﾠof	 ﾠgene	 ﾠfunction	 ﾠand	 ﾠ
protein-ﾭ‐protein	 ﾠinteractions	 ﾠusing	 ﾠfluorescently	 ﾠtagged	 ﾠgenes.	 ﾠGenetics	 ﾠ190,	 ﾠ931-ﾭ‐940.	 ﾠ
Ni,	 ﾠZ.,	 ﾠSaunders,	 ﾠA.,	 ﾠFuda,	 ﾠN.J.,	 ﾠYao,	 ﾠJ.,	 ﾠSuarez,	 ﾠJ.R.,	 ﾠWebb,	 ﾠW.W.,	 ﾠand	 ﾠLis,	 ﾠJ.T.	 ﾠ(2008).	 ﾠP-ﾭ‐TEFb	 ﾠis	 ﾠ
critical	 ﾠfor	 ﾠthe	 ﾠmaturation	 ﾠof	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠinto	 ﾠproductive	 ﾠelongation	 ﾠin	 ﾠvivo.	 ﾠMol	 ﾠCell	 ﾠ
Biol	 ﾠ28,	 ﾠ1161-ﾭ‐1170.	 ﾠ
Nishiwaki,	 ﾠK.,	 ﾠand	 ﾠMiwa,	 ﾠJ.	 ﾠ(1998).	 ﾠMutations	 ﾠin	 ﾠgenes	 ﾠencoding	 ﾠextracellular	 ﾠmatrix	 ﾠ
proteins	 ﾠsuppress	 ﾠthe	 ﾠemb-ﾭ‐5	 ﾠgastrulation	 ﾠdefect	 ﾠin	 ﾠCaenorhabditis	 ﾠelegans.	 ﾠMol	 ﾠGen	 ﾠGenet	 ﾠ
259,	 ﾠ2-ﾭ‐12.	 ﾠ
Nishiwaki,	 ﾠK.,	 ﾠSano,	 ﾠT.,	 ﾠand	 ﾠMiwa,	 ﾠJ.	 ﾠ(1993).	 ﾠemb-ﾭ‐5,	 ﾠa	 ﾠgene	 ﾠrequired	 ﾠfor	 ﾠthe	 ﾠcorrect	 ﾠtiming	 ﾠof	 ﾠ
gut	 ﾠprecursor	 ﾠcell	 ﾠdivision	 ﾠduring	 ﾠgastrulation	 ﾠin	 ﾠCaenorhabditis	 ﾠelegans,	 ﾠencodes	 ﾠa	 ﾠprotein	 ﾠ
similar	 ﾠto	 ﾠthe	 ﾠyeast	 ﾠnuclear	 ﾠprotein	 ﾠSPT6.	 ﾠMol	 ﾠGen	 ﾠGenet	 ﾠ239,	 ﾠ313-ﾭ‐322.	 ﾠ
Nourani,	 ﾠA.,	 ﾠRobert,	 ﾠF.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2006).	 ﾠEvidence	 ﾠthat	 ﾠSpt2/Sin1,	 ﾠan	 ﾠHMG-ﾭ‐like	 ﾠfactor,	 ﾠ
plays	 ﾠroles	 ﾠin	 ﾠtranscription	 ﾠelongation,	 ﾠchromatin	 ﾠstructure,	 ﾠand	 ﾠgenome	 ﾠstability	 ﾠin	 ﾠ
Saccharomyces	 ﾠcerevisiae.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ26,	 ﾠ1496-ﾭ‐1509.	 ﾠ
Nurse,	 ﾠP.,	 ﾠand	 ﾠThuriaux,	 ﾠP.	 ﾠ(1980).	 ﾠRegulatory	 ﾠgenes	 ﾠcontrolling	 ﾠmitosis	 ﾠin	 ﾠthe	 ﾠfission	 ﾠyeast	 ﾠ
Schizosaccharomyces	 ﾠpombe.	 ﾠGenetics	 ﾠ96,	 ﾠ627-ﾭ‐637.	 ﾠ
Okazaki,	 ﾠI.M.,	 ﾠOkawa,	 ﾠK.,	 ﾠKobayashi,	 ﾠM.,	 ﾠYoshikawa,	 ﾠK.,	 ﾠKawamoto,	 ﾠS.,	 ﾠNagaoka,	 ﾠH.,	 ﾠShinkura,	 ﾠ
R.,	 ﾠKitawaki,	 ﾠY.,	 ﾠTaniguchi,	 ﾠH.,	 ﾠNatsume,	 ﾠT.,	 ﾠet	 ﾠal.	 ﾠ(2011).	 ﾠHistone	 ﾠchaperone	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠ
for	 ﾠclass	 ﾠswitch	 ﾠrecombination	 ﾠbut	 ﾠnot	 ﾠsomatic	 ﾠhypermutation.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ
108,	 ﾠ7920-ﾭ‐7925.	 ﾠ
Ono,	 ﾠB.,	 ﾠFutase,	 ﾠT.,	 ﾠHonda,	 ﾠW.,	 ﾠYoshida,	 ﾠR.,	 ﾠNakano,	 ﾠK.,	 ﾠYamamoto,	 ﾠT.,	 ﾠNakajima,	 ﾠE.,	 ﾠNoskov,	 ﾠ
V.N.,	 ﾠNegishi,	 ﾠK.,	 ﾠChen,	 ﾠB.,	 ﾠet	 ﾠal.	 ﾠ(2005).	 ﾠThe	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠESU1	 ﾠgene,	 ﾠwhich	 ﾠis	 ﾠ
responsible	 ﾠfor	 ﾠenhancement	 ﾠof	 ﾠtermination	 ﾠsuppression,	 ﾠcorresponds	 ﾠto	 ﾠthe	 ﾠ3'-ﾭ‐terminal	 ﾠ
half	 ﾠof	 ﾠGAL11.	 ﾠYeast	 ﾠ22,	 ﾠ895-ﾭ‐906.	 ﾠ	 ﾠ 56	 ﾠ
Osterman	 ﾠGolkar,	 ﾠS.,	 ﾠCzene,	 ﾠS.,	 ﾠGokarakonda,	 ﾠA.,	 ﾠand	 ﾠHaghdoost,	 ﾠS.	 ﾠ(2013).	 ﾠIntracellular	 ﾠ
deoxyribonucleotide	 ﾠpool	 ﾠimbalance	 ﾠand	 ﾠDNA	 ﾠdamage	 ﾠin	 ﾠcells	 ﾠtreated	 ﾠwith	 ﾠhydroxyurea,	 ﾠan	 ﾠ
inhibitor	 ﾠof	 ﾠribonucleotide	 ﾠreductase.	 ﾠMutagenesis	 ﾠ28,	 ﾠ653-ﾭ‐660.	 ﾠ
Park,	 ﾠH.H.,	 ﾠLo,	 ﾠY.C.,	 ﾠLin,	 ﾠS.C.,	 ﾠWang,	 ﾠL.,	 ﾠYang,	 ﾠJ.K.,	 ﾠand	 ﾠWu,	 ﾠH.	 ﾠ(2007).	 ﾠThe	 ﾠdeath	 ﾠdomain	 ﾠ
superfamily	 ﾠin	 ﾠintracellular	 ﾠsignaling	 ﾠof	 ﾠapoptosis	 ﾠand	 ﾠinflammation.	 ﾠAnnu	 ﾠRev	 ﾠImmunol	 ﾠ
25,	 ﾠ561-ﾭ‐586.	 ﾠ
Pawson,	 ﾠT.	 ﾠ(2004).	 ﾠSpecificity	 ﾠin	 ﾠsignal	 ﾠtransduction:	 ﾠfrom	 ﾠphosphotyrosine-ﾭ‐SH2	 ﾠdomain	 ﾠ
interactions	 ﾠto	 ﾠcomplex	 ﾠcellular	 ﾠsystems.	 ﾠCell	 ﾠ116,	 ﾠ191-ﾭ‐203.	 ﾠ
Perales,	 ﾠR.,	 ﾠErickson,	 ﾠB.,	 ﾠZhang,	 ﾠL.,	 ﾠKim,	 ﾠH.,	 ﾠValiquett,	 ﾠE.,	 ﾠand	 ﾠBentley,	 ﾠD.	 ﾠ(2013).	 ﾠGene	 ﾠ
promoters	 ﾠdictate	 ﾠhistone	 ﾠoccupancy	 ﾠwithin	 ﾠgenes.	 ﾠEMBO	 ﾠJ	 ﾠ32,	 ﾠ2645-ﾭ‐2656.	 ﾠ
Pines,	 ﾠJ.,	 ﾠand	 ﾠHunt,	 ﾠT.	 ﾠ(1987).	 ﾠMolecular	 ﾠcloning	 ﾠand	 ﾠcharacterization	 ﾠof	 ﾠthe	 ﾠmRNA	 ﾠfor	 ﾠcyclin	 ﾠ
from	 ﾠsea	 ﾠurchin	 ﾠeggs.	 ﾠEMBO	 ﾠJ	 ﾠ6,	 ﾠ2987-ﾭ‐2995.	 ﾠ
Ponting,	 ﾠC.P.	 ﾠ(2002).	 ﾠNovel	 ﾠdomains	 ﾠand	 ﾠorthologues	 ﾠof	 ﾠeukaryotic	 ﾠtranscription	 ﾠelongation	 ﾠ
factors.	 ﾠNucleic	 ﾠAcids	 ﾠRes	 ﾠ30,	 ﾠ3643-ﾭ‐3652.	 ﾠ
Prelich,	 ﾠG.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1993).	 ﾠMutations	 ﾠthat	 ﾠsuppress	 ﾠthe	 ﾠdeletion	 ﾠof	 ﾠan	 ﾠupstream	 ﾠ
activating	 ﾠsequence	 ﾠin	 ﾠyeast:	 ﾠinvolvement	 ﾠof	 ﾠa	 ﾠprotein	 ﾠkinase	 ﾠand	 ﾠhistone	 ﾠH3	 ﾠin	 ﾠrepressing	 ﾠ
transcription	 ﾠin	 ﾠvivo.	 ﾠGenetics	 ﾠ135,	 ﾠ665-ﾭ‐676.	 ﾠ
Radman-ﾭ‐Livaja,	 ﾠM.,	 ﾠand	 ﾠRando,	 ﾠO.J.	 ﾠ(2010).	 ﾠNucleosome	 ﾠpositioning:	 ﾠhow	 ﾠis	 ﾠit	 ﾠestablished,	 ﾠ
and	 ﾠwhy	 ﾠdoes	 ﾠit	 ﾠmatter?	 ﾠDev	 ﾠBiol	 ﾠ339,	 ﾠ258-ﾭ‐266.	 ﾠ
Rando,	 ﾠO.J.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2012).	 ﾠChromatin	 ﾠand	 ﾠtranscription	 ﾠin	 ﾠyeast.	 ﾠGenetics	 ﾠ190,	 ﾠ
351-ﾭ‐387.	 ﾠ
Reinberg,	 ﾠD.,	 ﾠand	 ﾠSims,	 ﾠR.J.,	 ﾠ3rd	 ﾠ(2006).	 ﾠde	 ﾠFACTo	 ﾠnucleosome	 ﾠdynamics.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ281,	 ﾠ
23297-ﾭ‐23301.	 ﾠ
Saunders,	 ﾠA.,	 ﾠWerner,	 ﾠJ.,	 ﾠAndrulis,	 ﾠE.D.,	 ﾠNakayama,	 ﾠT.,	 ﾠHirose,	 ﾠS.,	 ﾠReinberg,	 ﾠD.,	 ﾠand	 ﾠLis,	 ﾠJ.T.	 ﾠ
(2003).	 ﾠTracking	 ﾠFACT	 ﾠand	 ﾠthe	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠelongation	 ﾠcomplex	 ﾠthrough	 ﾠchromatin	 ﾠ
in	 ﾠvivo.	 ﾠScience	 ﾠ301,	 ﾠ1094-ﾭ‐1096.	 ﾠ	 ﾠ 57	 ﾠ
Schwabish,	 ﾠM.A.,	 ﾠand	 ﾠStruhl,	 ﾠK.	 ﾠ(2007).	 ﾠThe	 ﾠSwi/Snf	 ﾠcomplex	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠhistone	 ﾠ
eviction	 ﾠduring	 ﾠtranscriptional	 ﾠactivation	 ﾠand	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠelongation	 ﾠin	 ﾠvivo.	 ﾠMol	 ﾠ
Cell	 ﾠBiol	 ﾠ27,	 ﾠ6987-ﾭ‐6995.	 ﾠ
Seeber,	 ﾠA.,	 ﾠHauer,	 ﾠM.,	 ﾠand	 ﾠGasser,	 ﾠS.M.	 ﾠ(2013).	 ﾠNucleosome	 ﾠremodelers	 ﾠin	 ﾠdouble-ﾭ‐strand	 ﾠ
break	 ﾠrepair.	 ﾠCurr	 ﾠOpin	 ﾠGenet	 ﾠDev	 ﾠ23,	 ﾠ174-ﾭ‐184.	 ﾠ
Serluca,	 ﾠF.C.	 ﾠ(2008).	 ﾠDevelopment	 ﾠof	 ﾠthe	 ﾠproepicardial	 ﾠorgan	 ﾠin	 ﾠthe	 ﾠzebrafish.	 ﾠDev	 ﾠBiol	 ﾠ315,	 ﾠ
18-ﾭ‐27.	 ﾠ
Shandilya,	 ﾠJ.,	 ﾠand	 ﾠRoberts,	 ﾠS.G.	 ﾠ(2012).	 ﾠThe	 ﾠtranscription	 ﾠcycle	 ﾠin	 ﾠeukaryotes:	 ﾠfrom	 ﾠ
productive	 ﾠinitiation	 ﾠto	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠrecycling.	 ﾠBiochim	 ﾠBiophys	 ﾠActa	 ﾠ1819,	 ﾠ391-ﾭ‐400.	 ﾠ
Shao,	 ﾠX.,	 ﾠand	 ﾠGrishin,	 ﾠN.V.	 ﾠ(2000).	 ﾠCommon	 ﾠfold	 ﾠin	 ﾠhelix-ﾭ‐hairpin-ﾭ‐helix	 ﾠproteins.	 ﾠNucleic	 ﾠ
Acids	 ﾠRes	 ﾠ28,	 ﾠ2643-ﾭ‐2650.	 ﾠ
Shen,	 ﾠX.,	 ﾠXi,	 ﾠG.,	 ﾠRadhakrishnan,	 ﾠY.,	 ﾠand	 ﾠClemmons,	 ﾠD.R.	 ﾠ(2009).	 ﾠIdentification	 ﾠof	 ﾠnovel	 ﾠSHPS-ﾭ‐
1-ﾭ‐associated	 ﾠproteins	 ﾠand	 ﾠtheir	 ﾠroles	 ﾠin	 ﾠregulation	 ﾠof	 ﾠinsulin-ﾭ‐like	 ﾠgrowth	 ﾠfactor-ﾭ‐dependent	 ﾠ
responses	 ﾠin	 ﾠvascular	 ﾠsmooth	 ﾠmuscle	 ﾠcells.	 ﾠMol	 ﾠCell	 ﾠProteomics	 ﾠ8,	 ﾠ1539-ﾭ‐1551.	 ﾠ
Shivaswamy,	 ﾠS.,	 ﾠBhinge,	 ﾠA.,	 ﾠZhao,	 ﾠY.,	 ﾠJones,	 ﾠS.,	 ﾠHirst,	 ﾠM.,	 ﾠand	 ﾠIyer,	 ﾠV.R.	 ﾠ(2008).	 ﾠDynamic	 ﾠ
remodeling	 ﾠof	 ﾠindividual	 ﾠnucleosomes	 ﾠacross	 ﾠa	 ﾠeukaryotic	 ﾠgenome	 ﾠin	 ﾠresponse	 ﾠto	 ﾠ
transcriptional	 ﾠperturbation.	 ﾠPLoS	 ﾠBiol	 ﾠ6,	 ﾠe65.	 ﾠ
Smolka,	 ﾠM.B.,	 ﾠAlbuquerque,	 ﾠC.P.,	 ﾠChen,	 ﾠS.H.,	 ﾠand	 ﾠZhou,	 ﾠH.	 ﾠ(2007).	 ﾠProteome-ﾭ‐wide	 ﾠ
identification	 ﾠof	 ﾠin	 ﾠvivo	 ﾠtargets	 ﾠof	 ﾠDNA	 ﾠdamage	 ﾠcheckpoint	 ﾠkinases.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ
104,	 ﾠ10364-ﾭ‐10369.	 ﾠ
Smolle,	 ﾠM.,	 ﾠand	 ﾠWorkman,	 ﾠJ.L.	 ﾠ(2013).	 ﾠTranscription-ﾭ‐associated	 ﾠhistone	 ﾠmodifications	 ﾠand	 ﾠ
cryptic	 ﾠtranscription.	 ﾠBiochim	 ﾠBiophys	 ﾠActa	 ﾠ1829,	 ﾠ84-ﾭ‐97.	 ﾠ
Smolle,	 ﾠM.,	 ﾠWorkman,	 ﾠJ.L.,	 ﾠand	 ﾠVenkatesh,	 ﾠS.	 ﾠ(2013).	 ﾠreSETting	 ﾠchromatin	 ﾠduring	 ﾠ
transcription	 ﾠelongation.	 ﾠEpigenetics	 ﾠ8,	 ﾠ10-ﾭ‐15.	 ﾠ
Stratton,	 ﾠM.R.,	 ﾠCampbell,	 ﾠP.J.,	 ﾠand	 ﾠFutreal,	 ﾠP.A.	 ﾠ(2009).	 ﾠThe	 ﾠcancer	 ﾠgenome.	 ﾠNature	 ﾠ458,	 ﾠ719-ﾭ‐
724.	 ﾠ	 ﾠ 58	 ﾠ
Sun,	 ﾠM.,	 ﾠLariviere,	 ﾠL.,	 ﾠDengl,	 ﾠS.,	 ﾠMayer,	 ﾠA.,	 ﾠand	 ﾠCramer,	 ﾠP.	 ﾠ(2010).	 ﾠA	 ﾠtandem	 ﾠSH2	 ﾠdomain	 ﾠin	 ﾠ
transcription	 ﾠelongation	 ﾠfactor	 ﾠSpt6	 ﾠbinds	 ﾠthe	 ﾠphosphorylated	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠC-ﾭ‐
terminal	 ﾠrepeat	 ﾠdomain	 ﾠ(CTD).	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ285,	 ﾠ41597-ﾭ‐41603.	 ﾠ
Suva,	 ﾠM.L.,	 ﾠRiggi,	 ﾠN.,	 ﾠand	 ﾠBernstein,	 ﾠB.E.	 ﾠ(2013).	 ﾠEpigenetic	 ﾠreprogramming	 ﾠin	 ﾠcancer.	 ﾠ
Science	 ﾠ339,	 ﾠ1567-ﾭ‐1570.	 ﾠ
Svejstrup,	 ﾠJ.Q.	 ﾠ(2003).	 ﾠTranscription.	 ﾠHistones	 ﾠface	 ﾠthe	 ﾠFACT.	 ﾠScience	 ﾠ301,	 ﾠ1053-ﾭ‐1055.	 ﾠ
Svejstrup,	 ﾠJ.Q.	 ﾠ(2010).	 ﾠThe	 ﾠinterface	 ﾠbetween	 ﾠtranscription	 ﾠand	 ﾠmechanisms	 ﾠmaintaining	 ﾠ
genome	 ﾠintegrity.	 ﾠTrends	 ﾠBiochem	 ﾠSci	 ﾠ35,	 ﾠ333-ﾭ‐338.	 ﾠ
Swanson,	 ﾠM.S.,	 ﾠCarlson,	 ﾠM.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1990).	 ﾠSPT6,	 ﾠan	 ﾠessential	 ﾠgene	 ﾠthat	 ﾠaffects	 ﾠ
transcription	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae,	 ﾠencodes	 ﾠa	 ﾠnuclear	 ﾠprotein	 ﾠwith	 ﾠan	 ﾠextremely	 ﾠ
acidic	 ﾠamino	 ﾠterminus.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ10,	 ﾠ4935-ﾭ‐4941.	 ﾠ
Swanson,	 ﾠM.S.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(1992).	 ﾠSPT4,	 ﾠSPT5	 ﾠand	 ﾠSPT6	 ﾠinteractions:	 ﾠeffects	 ﾠon	 ﾠ
transcription	 ﾠand	 ﾠviability	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠGenetics	 ﾠ132,	 ﾠ325-ﾭ‐336.	 ﾠ
Takahashi,	 ﾠT.,	 ﾠBurguiere-ﾭ‐Slezak,	 ﾠG.,	 ﾠVan	 ﾠder	 ﾠKemp,	 ﾠP.A.,	 ﾠand	 ﾠBoiteux,	 ﾠS.	 ﾠ(2011).	 ﾠ
Topoisomerase	 ﾠ1	 ﾠprovokes	 ﾠthe	 ﾠformation	 ﾠof	 ﾠshort	 ﾠdeletions	 ﾠin	 ﾠrepeated	 ﾠsequences	 ﾠupon	 ﾠ
high	 ﾠtranscription	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ108,	 ﾠ692-ﾭ‐697.	 ﾠ
Thebault,	 ﾠP.,	 ﾠBoutin,	 ﾠG.,	 ﾠBhat,	 ﾠW.,	 ﾠRufiange,	 ﾠA.,	 ﾠMartens,	 ﾠJ.,	 ﾠand	 ﾠNourani,	 ﾠA.	 ﾠ(2011).	 ﾠ
Transcription	 ﾠregulation	 ﾠby	 ﾠthe	 ﾠnoncoding	 ﾠRNA	 ﾠSRG1	 ﾠrequires	 ﾠSpt2-ﾭ‐dependent	 ﾠchromatin	 ﾠ
deposition	 ﾠin	 ﾠthe	 ﾠwake	 ﾠof	 ﾠRNA	 ﾠpolymerase	 ﾠII.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ31,	 ﾠ1288-ﾭ‐1300.	 ﾠ
Theobald,	 ﾠD.L.,	 ﾠMitton-ﾭ‐Fry,	 ﾠR.M.,	 ﾠand	 ﾠWuttke,	 ﾠD.S.	 ﾠ(2003).	 ﾠNucleic	 ﾠacid	 ﾠrecognition	 ﾠby	 ﾠOB-ﾭ‐
fold	 ﾠproteins.	 ﾠAnnu	 ﾠRev	 ﾠBiophys	 ﾠBiomol	 ﾠStruct	 ﾠ32,	 ﾠ115-ﾭ‐133.	 ﾠ
Thomas,	 ﾠM.C.,	 ﾠand	 ﾠChiang,	 ﾠC.M.	 ﾠ(2006).	 ﾠThe	 ﾠgeneral	 ﾠtranscription	 ﾠmachinery	 ﾠand	 ﾠgeneral	 ﾠ
cofactors.	 ﾠCrit	 ﾠRev	 ﾠBiochem	 ﾠMol	 ﾠBiol	 ﾠ41,	 ﾠ105-ﾭ‐178.	 ﾠ
Toh,	 ﾠG.W.,	 ﾠand	 ﾠLowndes,	 ﾠN.F.	 ﾠ(2003).	 ﾠRole	 ﾠof	 ﾠthe	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠRad9	 ﾠprotein	 ﾠin	 ﾠ
sensing	 ﾠand	 ﾠresponding	 ﾠto	 ﾠDNA	 ﾠdamage.	 ﾠBiochem	 ﾠSoc	 ﾠTrans	 ﾠ31,	 ﾠ242-ﾭ‐246.	 ﾠ	 ﾠ 59	 ﾠ
Torchet,	 ﾠC.,	 ﾠBousquet-ﾭ‐Antonelli,	 ﾠC.,	 ﾠMilligan,	 ﾠL.,	 ﾠThompson,	 ﾠE.,	 ﾠKufel,	 ﾠJ.,	 ﾠand	 ﾠTollervey,	 ﾠD.	 ﾠ
(2002).	 ﾠProcessing	 ﾠof	 ﾠ3'-ﾭ‐extended	 ﾠread-ﾭ‐through	 ﾠtranscripts	 ﾠby	 ﾠthe	 ﾠexosome	 ﾠcan	 ﾠgenerate	 ﾠ
functional	 ﾠmRNAs.	 ﾠMol	 ﾠCell	 ﾠ9,	 ﾠ1285-ﾭ‐1296.	 ﾠ
Tsabar,	 ﾠM.,	 ﾠand	 ﾠHaber,	 ﾠJ.E.	 ﾠ(2013).	 ﾠChromatin	 ﾠmodifications	 ﾠand	 ﾠchromatin	 ﾠremodeling	 ﾠ
during	 ﾠDNA	 ﾠrepair	 ﾠin	 ﾠbudding	 ﾠyeast.	 ﾠCurr	 ﾠOpin	 ﾠGenet	 ﾠDev	 ﾠ23,	 ﾠ166-ﾭ‐173.	 ﾠ
Tsukuda,	 ﾠT.,	 ﾠFleming,	 ﾠA.B.,	 ﾠNickoloff,	 ﾠJ.A.,	 ﾠand	 ﾠOsley,	 ﾠM.A.	 ﾠ(2005).	 ﾠChromatin	 ﾠremodelling	 ﾠat	 ﾠ
a	 ﾠDNA	 ﾠdouble-ﾭ‐strand	 ﾠbreak	 ﾠsite	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠNature	 ﾠ438,	 ﾠ379-ﾭ‐383.	 ﾠ
Tsukuda,	 ﾠT.,	 ﾠTrujillo,	 ﾠK.M.,	 ﾠMartini,	 ﾠE.,	 ﾠand	 ﾠOsley,	 ﾠM.A.	 ﾠ(2009).	 ﾠAnalysis	 ﾠof	 ﾠchromatin	 ﾠ
remodeling	 ﾠduring	 ﾠformation	 ﾠof	 ﾠa	 ﾠDNA	 ﾠdouble-ﾭ‐strand	 ﾠbreak	 ﾠat	 ﾠthe	 ﾠyeast	 ﾠmating	 ﾠtype	 ﾠlocus.	 ﾠ
Methods	 ﾠ48,	 ﾠ40-ﾭ‐45.	 ﾠ
van	 ﾠBakel,	 ﾠH.,	 ﾠTsui,	 ﾠK.,	 ﾠGebbia,	 ﾠM.,	 ﾠMnaimneh,	 ﾠS.,	 ﾠHughes,	 ﾠT.R.,	 ﾠand	 ﾠNislow,	 ﾠC.	 ﾠ(2013).	 ﾠA	 ﾠ
compendium	 ﾠof	 ﾠnucleosome	 ﾠand	 ﾠtranscript	 ﾠprofiles	 ﾠreveals	 ﾠdeterminants	 ﾠof	 ﾠchromatin	 ﾠ
architecture	 ﾠand	 ﾠtranscription.	 ﾠPLoS	 ﾠGenet	 ﾠ9,	 ﾠe1003479.	 ﾠ
van	 ﾠHoof,	 ﾠA.,	 ﾠFrischmeyer,	 ﾠP.A.,	 ﾠDietz,	 ﾠH.C.,	 ﾠand	 ﾠParker,	 ﾠR.	 ﾠ(2002).	 ﾠExosome-ﾭ‐mediated	 ﾠ
recognition	 ﾠand	 ﾠdegradation	 ﾠof	 ﾠmRNAs	 ﾠlacking	 ﾠa	 ﾠtermination	 ﾠcodon.	 ﾠScience	 ﾠ295,	 ﾠ2262-ﾭ‐
2264.	 ﾠ
Vanti,	 ﾠM.,	 ﾠGallastegui,	 ﾠE.,	 ﾠRespaldiza,	 ﾠI.,	 ﾠRodriguez-ﾭ‐Gil,	 ﾠA.,	 ﾠGomez-ﾭ‐Herreros,	 ﾠF.,	 ﾠJimeno-ﾭ‐
Gonzalez,	 ﾠS.,	 ﾠJordan,	 ﾠA.,	 ﾠand	 ﾠChavez,	 ﾠS.	 ﾠ(2009).	 ﾠYeast	 ﾠgenetic	 ﾠanalysis	 ﾠreveals	 ﾠthe	 ﾠ
involvement	 ﾠof	 ﾠchromatin	 ﾠreassembly	 ﾠfactors	 ﾠin	 ﾠrepressing	 ﾠHIV-ﾭ‐1	 ﾠbasal	 ﾠtranscription.	 ﾠPLoS	 ﾠ
Genet	 ﾠ5,	 ﾠe1000339.	 ﾠ
Vogelstein,	 ﾠB.,	 ﾠPapadopoulos,	 ﾠN.,	 ﾠVelculescu,	 ﾠV.E.,	 ﾠZhou,	 ﾠS.,	 ﾠDiaz,	 ﾠL.A.,	 ﾠJr.,	 ﾠand	 ﾠKinzler,	 ﾠK.W.	 ﾠ
(2013).	 ﾠCancer	 ﾠgenome	 ﾠlandscapes.	 ﾠScience	 ﾠ339,	 ﾠ1546-ﾭ‐1558.	 ﾠ
Walker,	 ﾠI.G.,	 ﾠYatscoff,	 ﾠR.W.,	 ﾠand	 ﾠSridhar,	 ﾠR.	 ﾠ(1977).	 ﾠHydroxyurea:	 ﾠinduction	 ﾠof	 ﾠbreaks	 ﾠin	 ﾠ
template	 ﾠstrands	 ﾠof	 ﾠreplicating	 ﾠDNA.	 ﾠBiochem	 ﾠBiophys	 ﾠRes	 ﾠCommun	 ﾠ77,	 ﾠ403-ﾭ‐408.	 ﾠ
Wang,	 ﾠA.H.,	 ﾠZare,	 ﾠH.,	 ﾠMousavi,	 ﾠK.,	 ﾠWang,	 ﾠC.,	 ﾠMoravec,	 ﾠC.E.,	 ﾠSirotkin,	 ﾠH.I.,	 ﾠGe,	 ﾠK.,	 ﾠGutierrez-ﾭ‐
Cruz,	 ﾠG.,	 ﾠand	 ﾠSartorelli,	 ﾠV.	 ﾠ(2013).	 ﾠThe	 ﾠhistone	 ﾠchaperone	 ﾠSpt6	 ﾠcoordinates	 ﾠhistone	 ﾠH3K27	 ﾠ
demethylation	 ﾠand	 ﾠmyogenesis.	 ﾠEMBO	 ﾠJ	 ﾠ32,	 ﾠ1075-ﾭ‐1086.	 ﾠ	 ﾠ 60	 ﾠ
Weiner,	 ﾠA.,	 ﾠHughes,	 ﾠA.,	 ﾠYassour,	 ﾠM.,	 ﾠRando,	 ﾠO.J.,	 ﾠand	 ﾠFriedman,	 ﾠN.	 ﾠ(2010).	 ﾠHigh-ﾭ‐resolution	 ﾠ
nucleosome	 ﾠmapping	 ﾠreveals	 ﾠtranscription-ﾭ‐dependent	 ﾠpromoter	 ﾠpackaging.	 ﾠGenome	 ﾠRes	 ﾠ
20,	 ﾠ90-ﾭ‐100.	 ﾠ
Winkler,	 ﾠM.,	 ﾠaus	 ﾠDem	 ﾠSiepen,	 ﾠT.,	 ﾠand	 ﾠStamminger,	 ﾠT.	 ﾠ(2000).	 ﾠFunctional	 ﾠinteraction	 ﾠ
between	 ﾠpleiotropic	 ﾠtransactivator	 ﾠpUL69	 ﾠof	 ﾠhuman	 ﾠcytomegalovirus	 ﾠand	 ﾠthe	 ﾠhuman	 ﾠ
homolog	 ﾠof	 ﾠyeast	 ﾠchromatin	 ﾠregulatory	 ﾠprotein	 ﾠSPT6.	 ﾠJ	 ﾠVirol	 ﾠ74,	 ﾠ8053-ﾭ‐8064.	 ﾠ
Winston,	 ﾠF.,	 ﾠChaleff,	 ﾠD.T.,	 ﾠValent,	 ﾠB.,	 ﾠand	 ﾠFink,	 ﾠG.R.	 ﾠ(1984).	 ﾠMutations	 ﾠaffecting	 ﾠTy-ﾭ‐mediated	 ﾠ
expression	 ﾠof	 ﾠthe	 ﾠHIS4	 ﾠgene	 ﾠof	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠGenetics	 ﾠ107,	 ﾠ179-ﾭ‐197.	 ﾠ
Workman,	 ﾠJ.L.	 ﾠ(2006).	 ﾠNucleosome	 ﾠdisplacement	 ﾠin	 ﾠtranscription.	 ﾠGenes	 ﾠDev	 ﾠ20,	 ﾠ2009-ﾭ‐
2017.	 ﾠ
Wyce,	 ﾠA.,	 ﾠXiao,	 ﾠT.,	 ﾠWhelan,	 ﾠK.A.,	 ﾠKosman,	 ﾠC.,	 ﾠWalter,	 ﾠW.,	 ﾠEick,	 ﾠD.,	 ﾠHughes,	 ﾠT.R.,	 ﾠKrogan,	 ﾠN.J.,	 ﾠ
Strahl,	 ﾠB.D.,	 ﾠand	 ﾠBerger,	 ﾠS.L.	 ﾠ(2007).	 ﾠH2B	 ﾠubiquitylation	 ﾠacts	 ﾠas	 ﾠa	 ﾠbarrier	 ﾠto	 ﾠCtk1	 ﾠ
nucleosomal	 ﾠrecruitment	 ﾠprior	 ﾠto	 ﾠremoval	 ﾠby	 ﾠUbp8	 ﾠwithin	 ﾠa	 ﾠSAGA-ﾭ‐related	 ﾠcomplex.	 ﾠMol	 ﾠ
Cell	 ﾠ27,	 ﾠ275-ﾭ‐288.	 ﾠ
Yamaguchi,	 ﾠY.,	 ﾠNarita,	 ﾠT.,	 ﾠInukai,	 ﾠN.,	 ﾠWada,	 ﾠT.,	 ﾠand	 ﾠHanda,	 ﾠH.	 ﾠ(2001).	 ﾠSPT	 ﾠgenes:	 ﾠkey	 ﾠplayers	 ﾠ
in	 ﾠthe	 ﾠregulation	 ﾠof	 ﾠtranscription,	 ﾠchromatin	 ﾠstructure	 ﾠand	 ﾠother	 ﾠcellular	 ﾠprocesses.	 ﾠJ	 ﾠ
Biochem	 ﾠ129,	 ﾠ185-ﾭ‐191.	 ﾠ
Yoh,	 ﾠS.M.,	 ﾠCho,	 ﾠH.,	 ﾠPickle,	 ﾠL.,	 ﾠEvans,	 ﾠR.M.,	 ﾠand	 ﾠJones,	 ﾠK.A.	 ﾠ(2007).	 ﾠThe	 ﾠSpt6	 ﾠSH2	 ﾠdomain	 ﾠbinds	 ﾠ
Ser2-ﾭ‐P	 ﾠRNAPII	 ﾠto	 ﾠdirect	 ﾠIws1-ﾭ‐dependent	 ﾠmRNA	 ﾠsplicing	 ﾠand	 ﾠexport.	 ﾠGenes	 ﾠDev	 ﾠ21,	 ﾠ160-ﾭ‐
174.	 ﾠ
Yoh,	 ﾠS.M.,	 ﾠLucas,	 ﾠJ.S.,	 ﾠand	 ﾠJones,	 ﾠK.A.	 ﾠ(2008).	 ﾠThe	 ﾠIws1:Spt6:CTD	 ﾠcomplex	 ﾠcontrols	 ﾠ
cotranscriptional	 ﾠmRNA	 ﾠbiosynthesis	 ﾠand	 ﾠHYPB/Setd2-ﾭ‐mediated	 ﾠhistone	 ﾠH3K36	 ﾠ
methylation.	 ﾠGenes	 ﾠDev	 ﾠ22,	 ﾠ3422-ﾭ‐3434.	 ﾠ
Youdell,	 ﾠM.L.,	 ﾠKizer,	 ﾠK.O.,	 ﾠKisseleva-ﾭ‐Romanova,	 ﾠE.,	 ﾠFuchs,	 ﾠS.M.,	 ﾠDuro,	 ﾠE.,	 ﾠStrahl,	 ﾠB.D.,	 ﾠand	 ﾠ
Mellor,	 ﾠJ.	 ﾠ(2008).	 ﾠRoles	 ﾠfor	 ﾠCtk1	 ﾠand	 ﾠSpt6	 ﾠin	 ﾠregulating	 ﾠthe	 ﾠdifferent	 ﾠmethylation	 ﾠstates	 ﾠof	 ﾠ
histone	 ﾠH3	 ﾠlysine	 ﾠ36.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ28,	 ﾠ4915-ﾭ‐4926.	 ﾠ
Yuan,	 ﾠG.C.,	 ﾠLiu,	 ﾠY.J.,	 ﾠDion,	 ﾠM.F.,	 ﾠSlack,	 ﾠM.D.,	 ﾠWu,	 ﾠL.F.,	 ﾠAltschuler,	 ﾠS.J.,	 ﾠand	 ﾠRando,	 ﾠO.J.	 ﾠ(2005).	 ﾠ
Genome-ﾭ‐scale	 ﾠidentification	 ﾠof	 ﾠnucleosome	 ﾠpositions	 ﾠin	 ﾠS.	 ﾠcerevisiae.	 ﾠScience	 ﾠ309,	 ﾠ626-ﾭ‐630.	 ﾠ	 ﾠ 61	 ﾠ
Yudkovsky,	 ﾠN.,	 ﾠLogie,	 ﾠC.,	 ﾠHahn,	 ﾠS.,	 ﾠand	 ﾠPeterson,	 ﾠC.L.	 ﾠ(1999).	 ﾠRecruitment	 ﾠof	 ﾠthe	 ﾠSWI/SNF	 ﾠ
chromatin	 ﾠremodeling	 ﾠcomplex	 ﾠby	 ﾠtranscriptional	 ﾠactivators.	 ﾠGenes	 ﾠDev	 ﾠ13,	 ﾠ2369-ﾭ‐2374.	 ﾠ
Zawadzki,	 ﾠK.A.,	 ﾠMorozov,	 ﾠA.V.,	 ﾠand	 ﾠBroach,	 ﾠJ.R.	 ﾠ(2009).	 ﾠChromatin-ﾭ‐dependent	 ﾠtranscription	 ﾠ
factor	 ﾠaccessibility	 ﾠrather	 ﾠthan	 ﾠnucleosome	 ﾠremodeling	 ﾠpredominates	 ﾠduring	 ﾠglobal	 ﾠ
transcriptional	 ﾠrestructuring	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠMol	 ﾠBiol	 ﾠCell	 ﾠ20,	 ﾠ3503-ﾭ‐3513.	 ﾠ
Zhang,	 ﾠL.,	 ﾠFletcher,	 ﾠA.G.,	 ﾠCheung,	 ﾠV.,	 ﾠWinston,	 ﾠF.,	 ﾠand	 ﾠStargell,	 ﾠL.A.	 ﾠ(2008).	 ﾠSpn1	 ﾠregulates	 ﾠthe	 ﾠ
recruitment	 ﾠof	 ﾠSpt6	 ﾠand	 ﾠthe	 ﾠSwi/Snf	 ﾠcomplex	 ﾠduring	 ﾠtranscriptional	 ﾠactivation	 ﾠby	 ﾠRNA	 ﾠ
polymerase	 ﾠII.	 ﾠMol	 ﾠCell	 ﾠBiol	 ﾠ28,	 ﾠ1393-ﾭ‐1403.	 ﾠ
Zobeck,	 ﾠK.L.,	 ﾠBuckley,	 ﾠM.S.,	 ﾠZipfel,	 ﾠW.R.,	 ﾠand	 ﾠLis,	 ﾠJ.T.	 ﾠ(2010).	 ﾠRecruitment	 ﾠtiming	 ﾠand	 ﾠ












Structure-ﾭFunction	 ﾠAnalysis	 ﾠof	 ﾠSpt6	 ﾠThrough	 ﾠMutant	 ﾠ
Analysis	 ﾠ	 ﾠ 63	 ﾠ
Attribution	 ﾠof	 ﾠExperiments	 ﾠin	 ﾠChapter	 ﾠ2	 ﾠ
	 ﾠ
All	 ﾠyeast	 ﾠstrain	 ﾠconstruction	 ﾠand	 ﾠmutant	 ﾠanalyses	 ﾠwere	 ﾠpreformed	 ﾠby	 ﾠErin	 ﾠLoeliger.	 ﾠ	 ﾠThe	 ﾠ
experiments	 ﾠin	 ﾠFigures	 ﾠ9,	 ﾠ10,	 ﾠ11,	 ﾠand	 ﾠ12	 ﾠwere	 ﾠdone	 ﾠby	 ﾠMarie-ﾭ‐Laure	 ﾠDiebold	 ﾠand	 ﾠChristophe	 ﾠ
Romier.	 ﾠ	 ﾠThe	 ﾠconstruction	 ﾠof	 ﾠyEL165	 ﾠwas	 ﾠdone	 ﾠwith	 ﾠthe	 ﾠassistance	 ﾠof	 ﾠNatalie	 ﾠKuldell.	 ﾠ	 ﾠThe	 ﾠ
original	 ﾠpMG2	 ﾠplasmid	 ﾠ(MG4-ﾭ‐1)	 ﾠwas	 ﾠconstructed	 ﾠby	 ﾠMihir	 ﾠGupta.	 ﾠ	 ﾠAll	 ﾠother	 ﾠexperiments	 ﾠ
and	 ﾠfigures	 ﾠwere	 ﾠcompleted	 ﾠby	 ﾠErin	 ﾠLoeliger.	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Abstract	 ﾠ
	 ﾠ
Spt6,	 ﾠa	 ﾠkey	 ﾠfactor	 ﾠinvolved	 ﾠin	 ﾠregulating	 ﾠchromatin	 ﾠstructure,	 ﾠis	 ﾠconserved	 ﾠ
throughout	 ﾠeukaryotes.	 ﾠ	 ﾠSpt6	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠfunction	 ﾠin	 ﾠmany	 ﾠaspects	 ﾠof	 ﾠgene	 ﾠ
expression,	 ﾠincluding	 ﾠnucleosome	 ﾠassembly,	 ﾠtranscription	 ﾠinitiation	 ﾠand	 ﾠelongation,	 ﾠand	 ﾠ
mRNA	 ﾠprocessing	 ﾠand	 ﾠexport.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠSpt6	 ﾠhas	 ﾠseveral	 ﾠconserved	 ﾠdomains;	 ﾠhowever,	 ﾠ
little	 ﾠis	 ﾠknown	 ﾠabout	 ﾠtheir	 ﾠfunctions.	 ﾠ	 ﾠI	 ﾠhave	 ﾠperformed	 ﾠa	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠ
using	 ﾠthree	 ﾠseparate	 ﾠapproaches.	 ﾠ	 ﾠFirst,	 ﾠI	 ﾠemployed	 ﾠa	 ﾠrandom	 ﾠinsertion	 ﾠmutagenesis	 ﾠthat	 ﾠ
has	 ﾠidentified	 ﾠsixty-ﾭ‐seven	 ﾠmutants.	 ﾠ	 ﾠWhile	 ﾠthese	 ﾠmutants	 ﾠdid	 ﾠnot	 ﾠprovide	 ﾠinformation	 ﾠ
regarding	 ﾠknown	 ﾠdomains,	 ﾠsome	 ﾠhave	 ﾠphenotypes	 ﾠthat	 ﾠmay	 ﾠprove	 ﾠuseful	 ﾠfor	 ﾠfuture	 ﾠstudy.	 ﾠ	 ﾠ
Second,	 ﾠin	 ﾠa	 ﾠcollaborative	 ﾠproject	 ﾠwith	 ﾠthe	 ﾠRomier	 ﾠlab,	 ﾠI	 ﾠstudied	 ﾠthe	 ﾠfunctional	 ﾠroles	 ﾠof	 ﾠthe	 ﾠ
Spt6	 ﾠSH2	 ﾠdomains.	 ﾠ	 ﾠI	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠregion	 ﾠof	 ﾠSPT6	 ﾠencoding	 ﾠthe	 ﾠSH2	 ﾠ
domains	 ﾠcauses	 ﾠsevere	 ﾠmutant	 ﾠphenotypes	 ﾠwithout	 ﾠaffecting	 ﾠSpt6	 ﾠprotein	 ﾠlevels,	 ﾠ
demonstrating	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThird,	 ﾠin	 ﾠan	 ﾠadditional	 ﾠ
collaboration	 ﾠwith	 ﾠthe	 ﾠRomier	 ﾠlab,	 ﾠI	 ﾠshowed	 ﾠthat	 ﾠmutations	 ﾠthat	 ﾠalter	 ﾠthe	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠ
that	 ﾠinteracts	 ﾠwith	 ﾠthe	 ﾠconserved	 ﾠtranscription	 ﾠfactor	 ﾠSpn1	 ﾠimpair	 ﾠSpt6	 ﾠfunctions	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠ
Overall,	 ﾠthis	 ﾠmulti-ﾭ‐pronged	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠhas	 ﾠprovided	 ﾠnew	 ﾠinsights	 ﾠ
into	 ﾠthe	 ﾠuses	 ﾠand	 ﾠlimitations	 ﾠof	 ﾠinsertion	 ﾠmutagenesis,	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠof	 ﾠSpt6,	 ﾠ
and	 ﾠthe	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteraction.	 ﾠ	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 ﾠ
	 ﾠ For	 ﾠlarge	 ﾠmulti-ﾭ‐domain	 ﾠproteins,	 ﾠelucidating	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠeach	 ﾠdomain	 ﾠis	 ﾠoften	 ﾠthe	 ﾠ
key	 ﾠto	 ﾠthe	 ﾠpuzzle	 ﾠof	 ﾠunderstanding	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠoverall	 ﾠprotein.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠSpt6,	 ﾠit	 ﾠ
has	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠhave	 ﾠa	 ﾠnumber	 ﾠof	 ﾠdifferent	 ﾠputative	 ﾠdomains	 ﾠincluding	 ﾠan	 ﾠN-ﾭ‐terminal	 ﾠ
domain,	 ﾠa	 ﾠhelix-ﾭ‐turn-ﾭ‐helix	 ﾠdomain,	 ﾠYqgF	 ﾠhomology	 ﾠdomain,	 ﾠa	 ﾠhelix-ﾭ‐hairpin-ﾭ‐helix	 ﾠdomain,	 ﾠa	 ﾠ
death-ﾭ‐like	 ﾠdomain,	 ﾠan	 ﾠS1	 ﾠdomain	 ﾠand	 ﾠa	 ﾠtandem	 ﾠSH2	 ﾠdomain	 ﾠ(see	 ﾠChapter	 ﾠ1	 ﾠfor	 ﾠmore	 ﾠ
details)	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠJohnson	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠ
Maclennan	 ﾠand	 ﾠShaw,	 ﾠ1993;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThe	 ﾠphenotypes	 ﾠof	 ﾠyeast	 ﾠspt6	 ﾠmutants	 ﾠ
suggest	 ﾠthat	 ﾠSpt6	 ﾠhas	 ﾠnumerous	 ﾠroles	 ﾠin	 ﾠvivo	 ﾠand	 ﾠinteracts	 ﾠwith	 ﾠa	 ﾠnumber	 ﾠof	 ﾠother	 ﾠproteins	 ﾠ
(Adkins	 ﾠand	 ﾠTyler,	 ﾠ2006;	 ﾠArdehali	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠBucheli	 ﾠand	 ﾠBuratowski,	 ﾠ2005;	 ﾠCarrozza	 ﾠet	 ﾠ
al.,	 ﾠ2005;	 ﾠChen	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠCheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠClose	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠ
Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010a;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠEndoh	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠ
Formosa	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠHartzog	 ﾠet	 ﾠal.,	 ﾠ1998;	 ﾠIvanovska	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠJensen	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠKaplan	 ﾠ
et	 ﾠal.,	 ﾠ2005;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠKiely	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMcDonald	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠ
Sun	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠWinkler	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠ
Youdell	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ	 ﾠ
Spt6	 ﾠis	 ﾠgenerally	 ﾠthought	 ﾠto	 ﾠbe	 ﾠa	 ﾠhistone	 ﾠchaperone	 ﾠwhich	 ﾠacts	 ﾠby	 ﾠrestoring	 ﾠhistones	 ﾠ
to	 ﾠchromatin	 ﾠfollowing	 ﾠtranscription	 ﾠby	 ﾠRNA	 ﾠpolymerase	 ﾠII	 ﾠ(RNAPII)	 ﾠ(Ardehali	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠ
Svejstrup,	 ﾠ2003).	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠmechanisms	 ﾠof	 ﾠaction	 ﾠof	 ﾠSpt6	 ﾠare	 ﾠstill	 ﾠunclear.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠ
the	 ﾠfunctions	 ﾠof	 ﾠmost	 ﾠdomains	 ﾠwithin	 ﾠSpt6	 ﾠhave	 ﾠyet	 ﾠto	 ﾠbe	 ﾠdetermined.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ To	 ﾠaddress	 ﾠthese	 ﾠquestions,	 ﾠI	 ﾠemployed	 ﾠa	 ﾠthree-ﾭ‐pronged	 ﾠapproach	 ﾠfor	 ﾠstructure-ﾭ‐
function	 ﾠanalysis	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThe	 ﾠfirst	 ﾠapproach	 ﾠinvolved	 ﾠan	 ﾠunbiased	 ﾠrandom	 ﾠinsertion	 ﾠ	 ﾠ 66	 ﾠ
mutagenesis	 ﾠof	 ﾠthe	 ﾠSPT6	 ﾠgene.	 ﾠ	 ﾠThe	 ﾠadvantage	 ﾠof	 ﾠthis	 ﾠtransposon-ﾭ‐based	 ﾠinsertion	 ﾠ
mutagenesis	 ﾠis	 ﾠthat	 ﾠit	 ﾠproduces	 ﾠsingle	 ﾠmutations	 ﾠthat	 ﾠare	 ﾠeasy	 ﾠto	 ﾠlocate	 ﾠwithin	 ﾠthe	 ﾠtarget	 ﾠ
gene	 ﾠ(Bachman	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠBiery	 ﾠet	 ﾠal.,	 ﾠ2000a;	 ﾠBiery	 ﾠet	 ﾠal.,	 ﾠ2000b;	 ﾠMilutinovich	 ﾠet	 ﾠal.,	 ﾠ
2007).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠthis	 ﾠprotocol	 ﾠis	 ﾠhighly	 ﾠefficient,	 ﾠgenerating	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠmutants	 ﾠ
quickly.	 ﾠ	 ﾠBecause	 ﾠthe	 ﾠmutagenesis	 ﾠis	 ﾠperformed	 ﾠin	 ﾠvitro,	 ﾠthis	 ﾠmethod	 ﾠis	 ﾠunbiased	 ﾠand	 ﾠ
random,	 ﾠavoiding	 ﾠinterference	 ﾠfrom	 ﾠchromatin	 ﾠand	 ﾠother	 ﾠcellular	 ﾠprocesses.	 ﾠ	 ﾠMost	 ﾠ
importantly,	 ﾠinsertion	 ﾠmutagenesis	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠsuccessfully	 ﾠfor	 ﾠstructure-ﾭ‐function	 ﾠ
analysis	 ﾠby	 ﾠother	 ﾠgroups	 ﾠ(Bachman	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠBiery	 ﾠet	 ﾠal.,	 ﾠ2000a;	 ﾠBiery	 ﾠet	 ﾠal.,	 ﾠ2000b;	 ﾠ
Milutinovich	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠ	 ﾠ
The	 ﾠsecond	 ﾠapproach	 ﾠfor	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠfocused	 ﾠon	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠ
domain	 ﾠof	 ﾠSpt6,	 ﾠcomprised	 ﾠof	 ﾠtwo	 ﾠSH2	 ﾠdomains	 ﾠreferred	 ﾠto	 ﾠhere	 ﾠas	 ﾠSH21	 ﾠand	 ﾠSH22.	 ﾠ	 ﾠThe	 ﾠ
well-ﾭ‐established	 ﾠSH21	 ﾠdomain	 ﾠ(residues	 ﾠ1250-ﾭ‐1353)	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠbelieved	 ﾠto	 ﾠplay	 ﾠa	 ﾠcritical	 ﾠ
role	 ﾠin	 ﾠSpt6	 ﾠfunction	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDengl	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠEndoh	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠMaclennan	 ﾠand	 ﾠShaw,	 ﾠ1993;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠAt	 ﾠthe	 ﾠtime	 ﾠof	 ﾠthe	 ﾠstart	 ﾠof	 ﾠmy	 ﾠ
dissertation	 ﾠwork,	 ﾠit	 ﾠwas	 ﾠthe	 ﾠbest-ﾭ‐studied	 ﾠdomain	 ﾠof	 ﾠSpt6	 ﾠand,	 ﾠin	 ﾠhumans,	 ﾠexperiments	 ﾠhad	 ﾠ
shown	 ﾠit	 ﾠhelped	 ﾠmediate	 ﾠthe	 ﾠinteraction	 ﾠof	 ﾠSpt6	 ﾠwith	 ﾠRNAPII	 ﾠ(Endoh	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ
2007).	 ﾠ	 ﾠDeletion	 ﾠof	 ﾠthe	 ﾠsequence	 ﾠencoding	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠ(SH21	 ﾠand	 ﾠSH22)	 ﾠin	 ﾠS.	 ﾠ
cerevisiae	 ﾠleads	 ﾠto	 ﾠsignificantly	 ﾠdecreased	 ﾠcell	 ﾠgrowth	 ﾠrate	 ﾠand	 ﾠchanges	 ﾠin	 ﾠmRNA	 ﾠlevels	 ﾠof	 ﾠ
204	 ﾠgenes	 ﾠ(Dengl	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠInterestingly,	 ﾠuntil	 ﾠvery	 ﾠrecently,	 ﾠthe	 ﾠSH21	 ﾠdomain	 ﾠwas	 ﾠthe	 ﾠ
only	 ﾠknown	 ﾠSH2	 ﾠdomain	 ﾠin	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠgenome	 ﾠ(Dengl	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠMaclennan	 ﾠand	 ﾠ
Shaw,	 ﾠ1993).	 ﾠ	 ﾠHowever,	 ﾠmore	 ﾠrecent	 ﾠstructural	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠ(discussed	 ﾠin	 ﾠthis	 ﾠchapter)	 ﾠ
identified	 ﾠa	 ﾠsecond	 ﾠadjacent	 ﾠSH2	 ﾠdomain	 ﾠ(residues	 ﾠ1354-ﾭ‐1440,	 ﾠreferred	 ﾠto	 ﾠhere	 ﾠas	 ﾠSH22)	 ﾠ
that	 ﾠwas	 ﾠnot	 ﾠoriginally	 ﾠrecognized	 ﾠby	 ﾠsequence	 ﾠhomology	 ﾠanalysis	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠ	 ﾠ 67	 ﾠ
Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠYet	 ﾠthe	 ﾠbiological	 ﾠsignificance	 ﾠof	 ﾠthis	 ﾠ
novel	 ﾠSH2	 ﾠdomain	 ﾠwas	 ﾠunexplored	 ﾠin	 ﾠvivo,	 ﾠand	 ﾠI	 ﾠset	 ﾠout	 ﾠto	 ﾠinvestigate	 ﾠthis	 ﾠquestion.	 ﾠ
The	 ﾠthird	 ﾠapproach	 ﾠto	 ﾠSpt6	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠfocused	 ﾠon	 ﾠthe	 ﾠbinding	 ﾠ
interaction	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠits	 ﾠconserved	 ﾠbinding	 ﾠpartner,	 ﾠSpn1.	 ﾠ	 ﾠLike	 ﾠSpt6,	 ﾠSpn1	 ﾠis	 ﾠ
generally	 ﾠessential	 ﾠfor	 ﾠviability	 ﾠand	 ﾠis	 ﾠconserved	 ﾠthroughout	 ﾠeukaryotes	 ﾠ(Fischbeck	 ﾠet	 ﾠal.,	 ﾠ
2002;	 ﾠZhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠPrevious	 ﾠwork	 ﾠindicates	 ﾠthat	 ﾠSpn1	 ﾠphysically	 ﾠinteracts	 ﾠwith	 ﾠSpt6	 ﾠ
and	 ﾠregulates	 ﾠrecruitment	 ﾠof	 ﾠSpt6	 ﾠduring	 ﾠtranscription	 ﾠinitiation	 ﾠ(Fischbeck	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠ
Krogan	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠLindstrom	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠZhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠSpn1	 ﾠ
appears	 ﾠto	 ﾠbe	 ﾠcrucial	 ﾠfor	 ﾠa	 ﾠnumber	 ﾠof	 ﾠSpt6	 ﾠfunctions	 ﾠincluding	 ﾠmRNA	 ﾠprocessing,	 ﾠchromatin	 ﾠ
regulation,	 ﾠand	 ﾠthe	 ﾠtransition	 ﾠfrom	 ﾠinactive	 ﾠto	 ﾠactively	 ﾠtranscribing	 ﾠRNAPII	 ﾠat	 ﾠcertain	 ﾠ
promoters	 ﾠ(McDonald	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠZhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
However,	 ﾠlittle	 ﾠis	 ﾠknown	 ﾠabout	 ﾠwhether	 ﾠSpn1	 ﾠis	 ﾠuniversally	 ﾠrequired	 ﾠfor	 ﾠSpt6	 ﾠrecruitment	 ﾠ
and	 ﾠfunction.	 ﾠ	 ﾠ
Preliminary	 ﾠdata	 ﾠat	 ﾠthe	 ﾠtime	 ﾠfrom	 ﾠour	 ﾠcollaborators	 ﾠhad	 ﾠshown	 ﾠthat	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠ
domain	 ﾠ(NTD)	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠessential	 ﾠfor	 ﾠinteraction	 ﾠwith	 ﾠSpn1	 ﾠin	 ﾠthe	 ﾠeukaryotic	 ﾠparasite	 ﾠ
Encephalitozoon	 ﾠcuniculi	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a).	 ﾠ	 ﾠThis	 ﾠmodel	 ﾠorganism	 ﾠwas	 ﾠused	 ﾠinitially	 ﾠto	 ﾠ
make	 ﾠstructural	 ﾠstudies	 ﾠpossible	 ﾠ(see	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠfor	 ﾠmore	 ﾠdetails).	 ﾠ	 ﾠAlignment	 ﾠ
of	 ﾠthe	 ﾠSpt6	 ﾠNTD	 ﾠsequences	 ﾠfrom	 ﾠvarious	 ﾠorganisms	 ﾠsuggested	 ﾠan	 ﾠevolutionarily	 ﾠconserved	 ﾠ
region	 ﾠfrom	 ﾠresidues	 ﾠ245	 ﾠto	 ﾠ261	 ﾠin	 ﾠS.	 ﾠcerevisiae,	 ﾠand	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠresidues	 ﾠ229-ﾭ‐269	 ﾠ
were	 ﾠshown	 ﾠto	 ﾠbe	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠSpn1	 ﾠbinding.	 ﾠ	 ﾠUsing	 ﾠSpn1-ﾭ‐Spt6	 ﾠNTD	 ﾠ
structural	 ﾠdata	 ﾠas	 ﾠwell	 ﾠas	 ﾠtargeted	 ﾠmutation	 ﾠof	 ﾠconserved	 ﾠresidues	 ﾠidentified	 ﾠfrom	 ﾠthe	 ﾠ
alignment,	 ﾠour	 ﾠcollaborators	 ﾠconstructed	 ﾠthree	 ﾠspt6	 ﾠmutants	 ﾠlikely	 ﾠto	 ﾠaffect	 ﾠSpn1	 ﾠbinding.	 ﾠ	 ﾠ
When	 ﾠE.	 ﾠcuniculi	 ﾠversions	 ﾠof	 ﾠthese	 ﾠthree	 ﾠspt6	 ﾠmutants	 ﾠwere	 ﾠexamined	 ﾠin	 ﾠvitro,	 ﾠall	 ﾠthree	 ﾠ	 ﾠ 68	 ﾠ
mutants	 ﾠcaused	 ﾠloss	 ﾠof	 ﾠthe	 ﾠE.	 ﾠcuniculi	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteraction.	 ﾠ	 ﾠHowever,	 ﾠthese	 ﾠmutants	 ﾠhad	 ﾠ
previously	 ﾠonly	 ﾠbeen	 ﾠexamined	 ﾠin	 ﾠan	 ﾠin	 ﾠvitro	 ﾠE.	 ﾠcuniculi	 ﾠsystem.	 ﾠ	 ﾠI	 ﾠsought	 ﾠto	 ﾠexamine	 ﾠthese	 ﾠ
mutants	 ﾠin	 ﾠan	 ﾠin	 ﾠvivo	 ﾠyeast	 ﾠsystem.	 ﾠ
Overall,	 ﾠthe	 ﾠmulti-ﾭ‐pronged	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠdescribed	 ﾠin	 ﾠthis	 ﾠ
chapter	 ﾠhas	 ﾠproved	 ﾠuseful	 ﾠfor	 ﾠtesting	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠspecific	 ﾠSpt6	 ﾠdomains.	 ﾠ	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠ
clarifying	 ﾠthe	 ﾠroll	 ﾠof	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomains,	 ﾠour	 ﾠwork	 ﾠhas	 ﾠalso	 ﾠhelped	 ﾠilluminate	 ﾠthe	 ﾠ
binding	 ﾠsite	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠSpn1.	 ﾠ	 ﾠI	 ﾠhave	 ﾠalso	 ﾠgenerated	 ﾠa	 ﾠwide	 ﾠvariety	 ﾠof	 ﾠnew	 ﾠSpt6	 ﾠ
insertion	 ﾠmutants,	 ﾠas	 ﾠwell	 ﾠas	 ﾠC-ﾭ‐terminal	 ﾠtruncations	 ﾠand	 ﾠSpn1-ﾭ‐related	 ﾠpoint	 ﾠmutants,	 ﾠwhich	 ﾠ
can	 ﾠbe	 ﾠused	 ﾠby	 ﾠfuture	 ﾠscientists.	 ﾠ
	 ﾠ
Materials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ
Tn7	 ﾠInsertion	 ﾠMutagenesis	 ﾠ
Tn7	 ﾠinsertion	 ﾠmutagenesis	 ﾠwas	 ﾠperformed	 ﾠas	 ﾠpreviously	 ﾠdescribed	 ﾠ(Bachman	 ﾠet	 ﾠal.,	 ﾠ
2002;	 ﾠBiery	 ﾠet	 ﾠal.,	 ﾠ2000a;	 ﾠBiery	 ﾠet	 ﾠal.,	 ﾠ2000b;	 ﾠMilutinovich	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠusing	 ﾠthe	 ﾠGPSTM-ﾭ‐LS	 ﾠ
Linker	 ﾠScanning	 ﾠSystem	 ﾠ(New	 ﾠEngland	 ﾠBiolabs;	 ﾠFigure	 ﾠ2-ﾭ‐1).	 ﾠ	 ﾠThe	 ﾠinsertions	 ﾠwere	 ﾠlocated	 ﾠby	 ﾠ
PmeI	 ﾠrestriction	 ﾠdigestion	 ﾠand	 ﾠsequencing.	 ﾠ	 ﾠThe	 ﾠtarget	 ﾠfor	 ﾠmutagenesis	 ﾠwas	 ﾠpMG2	 ﾠ(Table	 ﾠ2-ﾭ‐
1),	 ﾠa	 ﾠCEN	 ﾠplasmid	 ﾠthat	 ﾠcontains	 ﾠa	 ﾠconstruct	 ﾠencoding	 ﾠC-ﾭ‐terminally	 ﾠMYC-ﾭ‐tagged	 ﾠSpt6	 ﾠdriven	 ﾠ
by	 ﾠthe	 ﾠGAL1	 ﾠpromoter.	 ﾠ	 ﾠThis	 ﾠpromoter	 ﾠcauses	 ﾠSPT6	 ﾠto	 ﾠbe	 ﾠover-ﾭ‐expressed	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ
galactose.	 ﾠ	 ﾠExperiments	 ﾠwere	 ﾠperformed	 ﾠ(data	 ﾠnot	 ﾠshown)	 ﾠto	 ﾠdemonstrate	 ﾠthat	 ﾠthe	 ﾠMYC	 ﾠtag	 ﾠ
has	 ﾠno	 ﾠeffect	 ﾠon	 ﾠSpt6	 ﾠfunction.	 ﾠ
	 ﾠ















Figure	 ﾠ2-ﾭ1:	 ﾠOverview	 ﾠof	 ﾠtransposon	 ﾠmutagenesis.	 ﾠ	 ﾠMutagenesis	 ﾠis	 ﾠaccomplished	 ﾠby	 ﾠ
random	 ﾠinsertion	 ﾠof	 ﾠa	 ﾠderivative	 ﾠof	 ﾠthe	 ﾠbacterial	 ﾠTn7	 ﾠtransposon	 ﾠ(denoted	 ﾠhere	 ﾠas	 ﾠ
miniTn7)	 ﾠ(Biery	 ﾠet	 ﾠal,	 ﾠ2000b)	 ﾠinto	 ﾠthe	 ﾠtarget	 ﾠDNA	 ﾠof	 ﾠinterest	 ﾠ(red),	 ﾠfollowed	 ﾠby	 ﾠdigestion	 ﾠto	 ﾠ
remove	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠthe	 ﾠminiTn7	 ﾠelement.	 ﾠ	 ﾠThe	 ﾠminiTn7	 ﾠconstruct	 ﾠcontains	 ﾠa	 ﾠ
Kanamycin-ﾭ‐resistant	 ﾠcassette	 ﾠ(green)	 ﾠflanked	 ﾠby	 ﾠPmeI	 ﾠdigest	 ﾠsites	 ﾠ(blue).	 ﾠ	 ﾠFollowing	 ﾠthe	 ﾠin	 ﾠ
vitro	 ﾠtransposition	 ﾠreaction,	 ﾠa	 ﾠlibrary	 ﾠof	 ﾠplasmids	 ﾠis	 ﾠgenerated,	 ﾠeach	 ﾠwith	 ﾠa	 ﾠsingle	 ﾠinsertion.	 ﾠ	 ﾠ
Subsequent	 ﾠPmeI	 ﾠdigestion	 ﾠand	 ﾠligation	 ﾠremoves	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠthe	 ﾠminiTn7	 ﾠelement,	 ﾠ
leaving	 ﾠa	 ﾠ15	 ﾠbase	 ﾠpair	 ﾠsequence	 ﾠcontaining	 ﾠa	 ﾠunique	 ﾠPmeI	 ﾠdigest	 ﾠsite	 ﾠ(blue).	 ﾠ(This	 ﾠfigure	 ﾠis	 ﾠ
adapted	 ﾠfrom	 ﾠthe	 ﾠNew	 ﾠEngland	 ﾠBiolabs	 ﾠinstruction	 ﾠmanual;	 ﾠBiery	 ﾠet	 ﾠal,	 ﾠ2000b)	 ﾠ	 ﾠ 70	 ﾠ
Table	 ﾠ2-ﾭ1:	 ﾠPlasmids	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter.	 ﾠ
	 ﾠ
Plasmid	 ﾠ 	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Genotype	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
pCC11	 ﾠ(FB1053)	 ﾠ Strain	 ﾠconstruction	 ﾠ 	 ﾠ YCp50	 ﾠbackbone	 ﾠAmpR	 ﾠCEN	 ﾠARS	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ URA3	 ﾠSPT6+	 ﾠ
	 ﾠ
pCK134	 ﾠ(FB2338)	 ﾠ Control	 ﾠfor	 ﾠspot	 ﾠtests	 ﾠ 	 ﾠ pRS414	 ﾠbackbone	 ﾠFLAG-ﾭspt6-ﾭ50	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ (Truncation	 ﾠmutant:	 ﾠK1274Stop	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ mutation)	 ﾠTRP1	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ
pEL183	 ﾠ(FB2699)	 ﾠ Template	 ﾠfor	 ﾠQuikchange	 ﾠ pRS414	 ﾠbackbone	 ﾠFLAG-ﾭSPT6	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ Mutagenesis	 ﾠ	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ
pEL187	 ﾠ(ELB187)	 ﾠ spt6-ﾭGG	 ﾠ(Spn1-ﾭ‐binding	 ﾠ pRS414	 ﾠbackbone	 ﾠFLAG-ﾭspt6-ﾭGG	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ site	 ﾠmutant)	 ﾠ 	 ﾠ 	 ﾠ (G250A,	 ﾠG252A)	 ﾠTRP1	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ
pEL190	 ﾠ(ELB190)	 ﾠ spt6-ﾭYW	 ﾠ(Spn1-ﾭ‐binding	 ﾠ pRS414	 ﾠbackbone	 ﾠFLAG-ﾭspt6-ﾭYW	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ site	 ﾠmutant)	 ﾠ 	 ﾠ 	 ﾠ (Y255A,	 ﾠW257A)	 ﾠTRP1	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ
pEL193	 ﾠ(ELB193)	 ﾠ spt6-ﾭIF	 ﾠ(Spn1-ﾭ‐binding	 ﾠ pRS414	 ﾠbackbone	 ﾠFLAG-ﾭspt6-ﾭIF	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ site	 ﾠmutant)	 ﾠ 	 ﾠ 	 ﾠ (I248A,	 ﾠF249A)	 ﾠTRP1	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ
pEL203	 ﾠ(ELB203)	 ﾠ spt6-ﾭY	 ﾠ(Spn1-ﾭ‐binding	 ﾠ pRS414	 ﾠbackbone	 ﾠFLAG-ﾭspt6-ﾭY	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ site	 ﾠmutant)	 ﾠ 	 ﾠ 	 ﾠ (Y255A)	 ﾠTRP1	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ
pEL207	 ﾠ(ELB207)	 ﾠ spt6-ﾭW	 ﾠ(Spn1-ﾭ‐binding	 ﾠ pRS414	 ﾠbackbone	 ﾠFLAG-ﾭspt6-ﾭW	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ site	 ﾠmutant)	 ﾠ 	 ﾠ 	 ﾠ (W257A)	 ﾠTRP1	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ
pFA6a-ﾭ‐C-ﾭ‐TAP4	 ﾠ SH2	 ﾠtruncation	 ﾠmutant	 ﾠ pFA6a	 ﾠbackbone	 ﾠC-ﾭ‐TAP4-ﾭ‐NatMX6	 ﾠ
-ﾭ‐natMX6	 ﾠ(FB2520)	 ﾠ strain	 ﾠconstruction	 ﾠ
	 ﾠ
pGP26	 ﾠ(FB1167)	 ﾠ Control	 ﾠfor	 ﾠspot	 ﾠtests	 ﾠ 	 ﾠ YCp50	 ﾠbackbone	 ﾠAmpR	 ﾠCEN	 ﾠARS	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ URA3	 ﾠspt6-ﾭ140	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ
pMG2	 ﾠ(MG4-ﾭ‐1)	 ﾠ Template	 ﾠfor	 ﾠTn7	 ﾠ 	 ﾠ pBY011	 ﾠbackbone	 ﾠAmpR	 ﾠCEN	 ﾠARS	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ insertion	 ﾠmutagenesis	 ﾠ LEU2	 ﾠURA3	 ﾠpGAL1-ﾭSPT6-ﾭ13xMyc	 ﾠ
	 ﾠ
spt6::Tn7-ﾭX	 ﾠ 	 ﾠ Tn7	 ﾠinsertion	 ﾠmutant	 ﾠ Same	 ﾠas	 ﾠpMG2	 ﾠabove	 ﾠwith	 ﾠa	 ﾠTn7	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ library	 ﾠ	 ﾠ 	 ﾠ 	 ﾠ insertion	 ﾠat	 ﾠlocation	 ﾠX	 ﾠwithin	 ﾠSPT6	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ 71	 ﾠ
Quikchange	 ﾠMutagenesis	 ﾠand	 ﾠPlasmid	 ﾠTransformation	 ﾠ
Mutations	 ﾠencoding	 ﾠthe	 ﾠamino	 ﾠacid	 ﾠchanges	 ﾠI248A/F249A,	 ﾠG250A/G252A,	 ﾠ
Y255A/W257A,	 ﾠY255A,	 ﾠand	 ﾠW257A	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠSPT6	 ﾠwere	 ﾠeach	 ﾠindividually	 ﾠintroduced	 ﾠ
into	 ﾠa	 ﾠcopy	 ﾠof	 ﾠSPT6	 ﾠon	 ﾠa	 ﾠpRS414-ﾭ‐based	 ﾠ(TRP1	 ﾠCEN)	 ﾠplasmid	 ﾠ(pEL183)	 ﾠ(Table	 ﾠ2-ﾭ‐1).	 ﾠ	 ﾠ
Mutagenesis	 ﾠwas	 ﾠperformed	 ﾠusing	 ﾠthe	 ﾠQuikchange	 ﾠLightning	 ﾠSite-ﾭ‐directed	 ﾠMutagenesis	 ﾠKit	 ﾠ
(Agilent	 ﾠTechnologies)	 ﾠand	 ﾠprimers	 ﾠlisted	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐2.	 ﾠ	 ﾠThe	 ﾠresulting	 ﾠplasmids	 ﾠ(pEL187,	 ﾠ
pEL190,	 ﾠpEL193,	 ﾠpEL203,	 ﾠand	 ﾠpEL207)	 ﾠwere	 ﾠused	 ﾠto	 ﾠtransform	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠstrain	 ﾠ
FY857	 ﾠ(Table	 ﾠ2-ﾭ‐3)	 ﾠusing	 ﾠstandard	 ﾠprotocols	 ﾠ(Ausubel	 ﾠet	 ﾠal.,	 ﾠ1987).	 ﾠ	 ﾠA	 ﾠ5-ﾭ‐fluoroorotic	 ﾠacid	 ﾠ(5-ﾭ‐
FOA)	 ﾠplasmid	 ﾠshuffle	 ﾠwas	 ﾠperformed	 ﾠto	 ﾠobtain	 ﾠa	 ﾠstrain	 ﾠthat	 ﾠcontained	 ﾠonly	 ﾠthe	 ﾠplasmid	 ﾠ
with	 ﾠthe	 ﾠspt6	 ﾠmutant	 ﾠallele	 ﾠ(Boeke	 ﾠet	 ﾠal.,	 ﾠ1984).	 ﾠ
	 ﾠ
Yeast	 ﾠStrain	 ﾠConstruction	 ﾠ
All	 ﾠyeast	 ﾠstrains	 ﾠ(Table	 ﾠ2-ﾭ‐3)	 ﾠwere	 ﾠconstructed	 ﾠby	 ﾠstandard	 ﾠmethods	 ﾠ(Ausubel	 ﾠet	 ﾠal.,	 ﾠ
1987).	 ﾠ	 ﾠThe	 ﾠTn7-ﾭ‐based	 ﾠinsertion	 ﾠmutant	 ﾠcandidates	 ﾠ(denoted	 ﾠspt6::Tn7)	 ﾠon	 ﾠplasmids	 ﾠwere	 ﾠ
screened	 ﾠfor	 ﾠphenotypes	 ﾠafter	 ﾠtransformation	 ﾠinto	 ﾠyeast	 ﾠstrain	 ﾠyEL22,	 ﾠwhich	 ﾠcontains	 ﾠan	 ﾠ
SPT6	 ﾠdeletion	 ﾠallele	 ﾠ(spt6Δ::LEU2)	 ﾠin	 ﾠthe	 ﾠgenome	 ﾠand	 ﾠa	 ﾠTRP1-ﾭ‐marked	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠCEN	 ﾠ
plasmid	 ﾠ(pEL183).	 ﾠ	 ﾠTransformants	 ﾠwere	 ﾠscreened	 ﾠfor	 ﾠrecessive	 ﾠphenotypes	 ﾠafter	 ﾠloss	 ﾠof	 ﾠthe	 ﾠ
wild-ﾭ‐type	 ﾠSPT6	 ﾠplasmid	 ﾠ(Figure	 ﾠ2-ﾭ‐2A),	 ﾠdetected	 ﾠby	 ﾠusing	 ﾠ5-ﾭ‐fluoroanthranilic	 ﾠacid	 ﾠ(5-ﾭ‐FAA)	 ﾠ
(Toyn	 ﾠet	 ﾠal.,	 ﾠ2000),	 ﾠand	 ﾠfor	 ﾠdominant	 ﾠphenotypes	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠ
plasmid	 ﾠ(Figure	 ﾠ2-ﾭ‐2B).	 ﾠ
For	 ﾠspt6::Tn7	 ﾠmutant	 ﾠintegration	 ﾠinto	 ﾠthe	 ﾠgenomic	 ﾠSPT6	 ﾠlocus,	 ﾠa	 ﾠtwo-ﾭ‐step	 ﾠyeast	 ﾠ
transformation	 ﾠwas	 ﾠperformed	 ﾠusing	 ﾠthe	 ﾠdiploid	 ﾠstrain	 ﾠyEL165.	 ﾠ	 ﾠThis	 ﾠdiploid	 ﾠstrain	 ﾠ
contains	 ﾠa	 ﾠDNA	 ﾠconstruct	 ﾠencoding	 ﾠFLAG-ﾭ‐tagged	 ﾠSPT6	 ﾠwith	 ﾠa	 ﾠNatMx	 ﾠcassette	 ﾠ	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Table	 ﾠ2-ﾭ2:	 ﾠPrimers	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter.	 ﾠ
	 ﾠ
Primer	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Sequence	 ﾠ(5’	 ﾠto	 ﾠ3’)	 ﾠ
	 ﾠ
ELO11	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO12	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ ggataagattgacgagatgtatgacgct	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ gctggtgatggtcatgactacgattgg	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidues	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Ile248	 ﾠand	 ﾠPhe249	 ﾠto	 ﾠ	 ﾠ
alanines	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO12	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO11	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ ccaatcgtagtcatgaccatcaccagca	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ gcgtcatacatctcgtcaatcttatcc	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidues	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Ile248	 ﾠand	 ﾠPhe249	 ﾠto	 ﾠ	 ﾠ
alanines	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO13	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO14	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ agatgtatgacatttttgctgatgctca	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ tgactacgattgggc	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidues	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Gly250	 ﾠand	 ﾠGly252	 ﾠto	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ alanines	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO14	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO13	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ gcccaatcgtagtcatgagcatcagca	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ aaaatgtcatacatct	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidues	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Gly250	 ﾠand	 ﾠGly252	 ﾠto	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ alanines	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO15	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO16	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ gacgagatgtatgacatttttggtgatggtcatgac	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ gctgatgctgctttagaaattgaaaatgaagaactaga	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidues	 ﾠ	 ﾠ	 ﾠ aaatggt	 ﾠ
	 ﾠ 	 ﾠ Tyr255	 ﾠand	 ﾠTrp257	 ﾠto	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ alanines	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO16	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO15	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ accattttctagttcttcattttcaatttctaaagcagca	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ tcagcgtcatgaccatcaccaaaaatgtcatacatctcgtc	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidues	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Tyr255	 ﾠand	 ﾠTrp257	 ﾠto	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ alanines	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO33	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠFO6852	 ﾠto	 ﾠinsert	 ﾠ	 ﾠ 	 ﾠ gaggaaattgatgatggcagaagcccgtgcaaagagaa	 ﾠ
	 ﾠ 	 ﾠ TAP-ﾭNatMX	 ﾠcassette	 ﾠinto	 ﾠ	 ﾠ 	 ﾠ cacggatccccgggttaattaa	 ﾠ
	 ﾠ 	 ﾠ SPT6	 ﾠafter	 ﾠcodon	 ﾠ1250	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (bp	 ﾠ3750)	 ﾠto	 ﾠgenerate	 ﾠ 	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭΔTandem::TAP	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ	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Table	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 ﾠPrimers	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 ﾠIn	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 ﾠ
Primer	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Sequence	 ﾠ(5’	 ﾠto	 ﾠ3’)	 ﾠ
	 ﾠ
ELO34	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠFO6852	 ﾠto	 ﾠinsert	 ﾠ	 ﾠ 	 ﾠ agaatatcttcaaaacaaggtaaggctcttgaatgaaa	 ﾠ
	 ﾠ 	 ﾠ TAP-ﾭNatMX	 ﾠcassette	 ﾠinto	 ﾠ	 ﾠ 	 ﾠ tgcggatccccgggttaattaa	 ﾠ
	 ﾠ 	 ﾠ SPT6	 ﾠafter	 ﾠcodon	 ﾠ1351	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (bp	 ﾠ4050)	 ﾠto	 ﾠgenerate	 ﾠ 	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭΔSH22::TAP	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO43	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO44	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ gtatgacatttttggtgatggtcatgacgctgattgggc	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ tttagaaattgaaaatgaag	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidue	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Tyr255	 ﾠto	 ﾠalanine	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO44	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO43	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ cttcattttcaatttctaaagcccaatcagcgtcatga	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ ccatcaccaaaaatgtcatac	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidue	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Tyr255	 ﾠto	 ﾠalanine	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO45	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO46	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ gacatttttggtgatggtcatgactacgatgctgcttt	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ agaaattgaaaatgaagaac	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidue	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Trp257	 ﾠto	 ﾠalanine	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO46	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO45	 ﾠand	 ﾠ	 ﾠ	 ﾠ 	 ﾠ gttcttcattttcaatttctaaagcagcatcgtagtcatga	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ Quikchange	 ﾠMutagenesis	 ﾠ 	 ﾠ ccatcaccaaaaatgtc	 ﾠ
	 ﾠ 	 ﾠ Kit	 ﾠto	 ﾠchange	 ﾠSpt6	 ﾠresidue	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Trp257	 ﾠto	 ﾠalanine	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO103	 ﾠ Use	 ﾠwith	 ﾠELO105	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ agattcgaagctggtcccta	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ543	 ﾠTn7	 ﾠinsertion	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (for	 ﾠTn7	 ﾠmutant	 ﾠintegration	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ into	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO105	 ﾠ Use	 ﾠwith	 ﾠELO103	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ gcttggttgaatgccagttt	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ543	 ﾠTn7	 ﾠinsertion	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (for	 ﾠTn7	 ﾠmutant	 ﾠintegration	 ﾠ	 ﾠ





	 ﾠ	 ﾠ 74	 ﾠ
Table	 ﾠ2-ﾭ2:	 ﾠPrimers	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter	 ﾠ(Continued).	 ﾠ
	 ﾠ
Primer	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Sequence	 ﾠ(5’	 ﾠto	 ﾠ3’)	 ﾠ
	 ﾠ
ELO106	 ﾠ Use	 ﾠwith	 ﾠELO112	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ ccagacaaaggaggatccaa	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ481	 ﾠand	 ﾠspt6-ﾭ162	 ﾠTn7	 ﾠ	 ﾠ
insertions	 ﾠ(for	 ﾠTn7	 ﾠmutant	 ﾠ	 ﾠ
integration	 ﾠinto	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO108	 ﾠ Use	 ﾠwith	 ﾠELO109	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ tgaggcaagaaaagtgcaag	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ76	 ﾠTn7	 ﾠinsertion	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (for	 ﾠTn7	 ﾠmutant	 ﾠintegration	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ into	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO109	 ﾠ Use	 ﾠwith	 ﾠELO108	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ tggaatttttggatccctga	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ76	 ﾠTn7	 ﾠinsertion	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (for	 ﾠTn7	 ﾠmutant	 ﾠintegration	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ into	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO112	 ﾠ Use	 ﾠwith	 ﾠELO106	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ ggtttcaagagcccaactca	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ481	 ﾠand	 ﾠspt6-ﾭ162	 ﾠTn7	 ﾠ	 ﾠ
(insertions	 ﾠ(for	 ﾠTn7	 ﾠmutant	 ﾠ	 ﾠ
integration	 ﾠinto	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO115	 ﾠ Use	 ﾠwith	 ﾠELO116	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ gcggtgatttgcaagtcttt	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ487	 ﾠTn7	 ﾠinsertion	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (for	 ﾠTn7	 ﾠmutant	 ﾠintegration	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ into	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO116	 ﾠ Use	 ﾠwith	 ﾠELO115	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ ttcaagtcccaaatggaagg	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ487	 ﾠTn7	 ﾠinsertion	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ (for	 ﾠTn7	 ﾠmutant	 ﾠintegration	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ into	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO118	 ﾠ Use	 ﾠwith	 ﾠELO119	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ ttccgtaaactggcattcaa	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ19,	 ﾠ13,	 ﾠand	 ﾠ160	 ﾠTn7	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ insertions	 ﾠ(for	 ﾠTn7	 ﾠmutant	 ﾠ	 ﾠ
integration	 ﾠinto	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
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Table	 ﾠ2-ﾭ2:	 ﾠPrimers	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter	 ﾠ(Continued).	 ﾠ
	 ﾠ
Primer	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Sequence	 ﾠ(5’	 ﾠto	 ﾠ3’)	 ﾠ
	 ﾠ
ELO119	 ﾠ Use	 ﾠwith	 ﾠELO118	 ﾠto	 ﾠamplify	 ﾠ	 ﾠ ccaggaaataaccagtgttcg	 ﾠ
	 ﾠ 	 ﾠ region	 ﾠsurrounding	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ spt6-ﾭ19,	 ﾠ13,	 ﾠand	 ﾠ160	 ﾠTn7	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ insertions	 ﾠ(for	 ﾠTn7	 ﾠmutant	 ﾠ	 ﾠ
integration	 ﾠinto	 ﾠgenome)	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
FO6851	 ﾠ Use	 ﾠwith	 ﾠFO6852	 ﾠto	 ﾠinsert	 ﾠ 	 ﾠ aaaatctaacagtagtaagaatagaatgaacaactacc	 ﾠ
	 ﾠ 	 ﾠ TAP-ﾭNATMx	 ﾠ(or	 ﾠany	 ﾠ 	 ﾠ 	 ﾠ gtcggatccccgggttaattaa	 ﾠ
	 ﾠ 	 ﾠ pFA6a-ﾭ‐based	 ﾠtag)	 ﾠ
	 ﾠ 	 ﾠ into	 ﾠSPT6	 ﾠ-ﾭ‐	 ﾠ5’	 ﾠ
	 ﾠ
FO6852	 ﾠ Use	 ﾠwith	 ﾠFO6851,	 ﾠELO33,	 ﾠ 	 ﾠ ataataaaattaataataacaatggacactacatacg	 ﾠ
	 ﾠ 	 ﾠ or	 ﾠELO34	 ﾠto	 ﾠinsert	 ﾠ 	 ﾠ 	 ﾠ catgaattcgagctcgtttaaac	 ﾠ
	 ﾠ 	 ﾠ TAP-ﾭNATMx	 ﾠ(or	 ﾠany	 ﾠ
	 ﾠ 	 ﾠ pFA6a-ﾭ‐based	 ﾠtag)	 ﾠ
	 ﾠ 	 ﾠ into	 ﾠSPT6	 ﾠ-ﾭ‐	 ﾠ3’	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Table	 ﾠ2-ﾭ3:	 ﾠYeast	 ﾠStrains	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter.	 ﾠ
	 ﾠ
Strain	 ﾠ	 ﾠ 	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Genotype	 ﾠ
	 ﾠ
FY653	 ﾠ	 ﾠ 	 ﾠ Control	 ﾠ 	 ﾠ 	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ura3-ﾭ52	 ﾠleu2∆1	 ﾠ
	 ﾠ
FY857	 ﾠ	 ﾠ 	 ﾠ Control	 ﾠstrain	 ﾠand	 ﾠSpn1	 ﾠ	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ1	 ﾠ	 ﾠ
project	 ﾠstrain	 ﾠ	 ﾠ 	 ﾠ ura3-ﾭ52	 ﾠtrp1Δ63	 ﾠspt6Δ::LEU2	 ﾠ
construction	 ﾠ 	 ﾠ 	 ﾠ with	 ﾠplasmid	 ﾠpCC11	 ﾠ(URA3	 ﾠSPT6+)	 ﾠ
	 ﾠ
FY2180	 ﾠ 	 ﾠ Control	 ﾠfor	 ﾠspot	 ﾠtests	 ﾠand	 ﾠ	 ﾠ MATa	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ1	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ Western	 ﾠblot	 ﾠanalysis	 ﾠ FLAG-ﾭspt6-ﾭ1004	 ﾠ
	 ﾠ
FY2796	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠWestern	 ﾠblot	 ﾠ MATa/MATα	 ﾠhis3∆200/”	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠtetrad	 ﾠdissection	 ﾠ 	 ﾠ leu2∆1/”	 ﾠlys2-ﾭ128δ/”	 ﾠ	 ﾠ
analysis	 ﾠ 	 ﾠ 	 ﾠ trp1∆63/”	 ﾠura3-ﾭ52/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3/”	 ﾠ	 ﾠ
SPT6::TAP-ﾭNatMx/SPT6	 ﾠ(Diploid	 ﾠstrain	 ﾠ
with	 ﾠone	 ﾠcopy	 ﾠof	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠand	 ﾠone	 ﾠ
copy	 ﾠof	 ﾠTAP-ﾭ‐tagged	 ﾠSPT6	 ﾠallele.)	 ﾠ
	 ﾠ
FY2797	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠWestern	 ﾠblot	 ﾠ MATa/MATα	 ﾠhis3∆200/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠtetrad	 ﾠdissection	 ﾠ 	 ﾠ leu2∆1/”	 ﾠlys2-ﾭ128δ/”	 ﾠ	 ﾠ
analysis	 ﾠ 	 ﾠ 	 ﾠ trp1∆63/”	 ﾠura3-ﾭ52/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆Tandem::TAP-ﾭNatMx/SPT6	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ (Last	 ﾠ201	 ﾠcodons	 ﾠof	 ﾠSPT6	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ deleted	 ﾠand	 ﾠreplaced	 ﾠwith	 ﾠTAP	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ tag.	 ﾠ	 ﾠDiploid	 ﾠstrain	 ﾠwith	 ﾠone	 ﾠcopy	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ of	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠand	 ﾠone	 ﾠcopy	 ﾠof	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ truncated	 ﾠspt6	 ﾠallele.)	 ﾠ
	 ﾠ
FY2798	 ﾠ	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠWestern	 ﾠblot	 ﾠ MATa/MATα	 ﾠhis3∆200/”	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠtetrad	 ﾠdissection	 ﾠ 	 ﾠ leu2∆1/”	 ﾠlys2-ﾭ128δ/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ analysis	 ﾠ 	 ﾠ 	 ﾠ trp1∆63/”	 ﾠura3-ﾭ52/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆SH22::TAP-ﾭNatMx/SPT6	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ (Last	 ﾠ101	 ﾠcodons	 ﾠof	 ﾠSPT6	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ deleted	 ﾠand	 ﾠreplaced	 ﾠwith	 ﾠTAP	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ tag.	 ﾠ	 ﾠDiploid	 ﾠstrain	 ﾠwith	 ﾠone	 ﾠcopy	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ of	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠand	 ﾠone	 ﾠcopy	 ﾠof	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ truncated	 ﾠspt6	 ﾠallele.)	 ﾠ
	 ﾠ
	 ﾠ
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FY2808	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠstrain	 ﾠ 	 ﾠ MATa/MATα	 ﾠhis3∆200/”	 ﾠ	 ﾠ
construction	 ﾠ 	 ﾠ 	 ﾠ leu2∆1/”	 ﾠlys2-ﾭ128δ/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ trp1∆63/”	 ﾠura3-ﾭ52/”	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3/”	 ﾠ	 ﾠ
	 ﾠ
FY2809	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠspot	 ﾠ	 ﾠ 	 ﾠ MATα	 ﾠhis3∆200	 ﾠleu2∆1	 ﾠ	 ﾠ
tests	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ lys2-ﾭ128δ	 ﾠtrp1∆63	 ﾠura3-ﾭ52	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3	 ﾠ
	 ﾠ
FY2810	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠspot	 ﾠ 	 ﾠ MATα	 ﾠhis3∆200	 ﾠleu2∆1	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ tests	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ lys2-ﾭ128δ	 ﾠtrp1∆63	 ﾠura3-ﾭ52	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ SPT6::TAP-ﾭNatMx	 ﾠ
	 ﾠ
FY2811	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠspot	 ﾠ 	 ﾠ MATα	 ﾠhis3∆200	 ﾠleu2∆1	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ tests	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ lys2-ﾭ128δ	 ﾠtrp1∆63	 ﾠura3-ﾭ52	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆Tandem::TAP-ﾭNatMx	 ﾠ(Last	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 201	 ﾠcodons	 ﾠof	 ﾠSPT6	 ﾠdeleted	 ﾠand	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ replaced	 ﾠwith	 ﾠTAP	 ﾠtag)	 ﾠ
	 ﾠ
FY2812	 ﾠ 	 ﾠ SH2	 ﾠproject	 ﾠspot	 ﾠ 	 ﾠ MATα	 ﾠhis3∆200	 ﾠleu2∆1	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ tests	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ lys2-ﾭ128δ	 ﾠtrp1∆63	 ﾠura3-ﾭ52	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆SH22::TAP-ﾭNatMx	 ﾠ(Last	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 101	 ﾠcodons	 ﾠof	 ﾠSPT6	 ﾠdeleted	 ﾠand	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ replaced	 ﾠwith	 ﾠTAP	 ﾠtag)	 ﾠ
	 ﾠ
Tn7	 ﾠdominant	 ﾠ	 ﾠ Insertion	 ﾠmutant	 ﾠ 	 ﾠ yEL22	 ﾠwith	 ﾠan	 ﾠadditional	 ﾠspt6::Tn7	 ﾠ	 ﾠ
strains	 ﾠ	 ﾠ 	 ﾠ dominant	 ﾠphenotypic	 ﾠ mutant	 ﾠplasmid	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ analysis	 ﾠ
	 ﾠ
Tn7	 ﾠrecessive	 ﾠ	 ﾠ Insertion	 ﾠmutant	 ﾠ 	 ﾠ yEL22	 ﾠwithout	 ﾠpEL183;	 ﾠhas	 ﾠ
strains	 ﾠ	 ﾠ 	 ﾠ recessive	 ﾠphenotypic	 ﾠ 	 ﾠ spt6::Tn7	 ﾠmutant	 ﾠplasmid	 ﾠinstead	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ analysis	 ﾠ
	 ﾠ
yEL22	 ﾠ	 ﾠ 	 ﾠ Insertion	 ﾠmutagenesis	 ﾠ MATα	 ﾠKanMx-ﾭGAL1pr-ﾭFLO8-ﾭHIS3	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ strain	 ﾠconstruction	 ﾠ 	 ﾠ his3Δ200	 ﾠleu2Δ1	 ﾠlys2-ﾭ128δ	 ﾠ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ trp1Δ63	 ﾠura3-ﾭ52	 ﾠspt6Δ::LEU2	 ﾠwith	 ﾠ	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ plasmid	 ﾠpEL183	 ﾠ(TRP1	 ﾠSPT6+)	 ﾠ
	 ﾠ
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 ﾠ	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yEL89	 ﾠ(FY2801)	 ﾠ Spn1	 ﾠproject	 ﾠspot	 ﾠtests	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠco-ﾭ‐IP	 ﾠ 	 ﾠ 	 ﾠ leu2∆1	 ﾠura3-ﾭ52	 ﾠtrp1∆63	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆::LEU2	 ﾠwith	 ﾠpEL183	 ﾠ(CEN	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠFLAG-ﾭSPT6)	 ﾠ
	 ﾠ
yEL90	 ﾠ(Fy2802)	 ﾠ Spn1	 ﾠproject	 ﾠspot	 ﾠtests	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠco-ﾭ‐IP	 ﾠ 	 ﾠ 	 ﾠ leu2∆1	 ﾠura3-ﾭ52	 ﾠtrp1∆63	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆::LEU2	 ﾠwith	 ﾠpCK134	 ﾠ(CEN	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠFLAG-ﾭspt6-ﾭ50)	 ﾠ
	 ﾠ
yEL91	 ﾠ(FY2803)	 ﾠ Spn1	 ﾠproject	 ﾠspot	 ﾠtests	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠco-ﾭ‐IP	 ﾠ 	 ﾠ 	 ﾠ leu2∆1	 ﾠura3-ﾭ52	 ﾠtrp1∆63	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆::LEU2	 ﾠwith	 ﾠpEL190	 ﾠ(CEN	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠFLAG-ﾭspt6-ﾭYW)	 ﾠ
	 ﾠ
yEL92	 ﾠ(FY2804)	 ﾠ Spn1	 ﾠproject	 ﾠspot	 ﾠtests	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠco-ﾭ‐IP	 ﾠ 	 ﾠ 	 ﾠ leu2∆1	 ﾠura3-ﾭ52	 ﾠtrp1∆63	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆::LEU2	 ﾠwith	 ﾠpEL203	 ﾠ(CEN	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠFLAG-ﾭspt6-ﾭY)	 ﾠ
	 ﾠ
yEL93	 ﾠ(FY2805)	 ﾠ Spn1	 ﾠproject	 ﾠspot	 ﾠtests	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠco-ﾭ‐IP	 ﾠ 	 ﾠ 	 ﾠ leu2∆1	 ﾠura3-ﾭ52	 ﾠtrp1∆63	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆::LEU2	 ﾠwith	 ﾠpEL207	 ﾠ(CEN	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠFLAG-ﾭspt6-ﾭW)	 ﾠ
	 ﾠ
yEL95	 ﾠ(FY2806)	 ﾠ Spn1	 ﾠproject	 ﾠspot	 ﾠtests	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠco-ﾭ‐IP	 ﾠ 	 ﾠ 	 ﾠ leu2∆1	 ﾠura3-ﾭ52	 ﾠtrp1∆63	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆::LEU2	 ﾠwith	 ﾠpEL193	 ﾠ(CEN	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠFLAG-ﾭspt6-ﾭIF)	 ﾠ
	 ﾠ
yEL96	 ﾠ(FY2807)	 ﾠ Spn1	 ﾠproject	 ﾠspot	 ﾠtests	 ﾠ MATα	 ﾠhis4-ﾭ912δ	 ﾠlys2-ﾭ128δ	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ and	 ﾠco-ﾭ‐IP	 ﾠ 	 ﾠ 	 ﾠ leu2∆1	 ﾠura3-ﾭ52	 ﾠtrp1∆63	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ spt6∆::LEU2	 ﾠwith	 ﾠpEL187	 ﾠ(CEN	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ TRP1	 ﾠFLAG-ﾭspt6-ﾭGG)	 ﾠ
	 ﾠ
yEL163	 ﾠ 	 ﾠ Control	 ﾠ 	 ﾠ 	 ﾠ MATa	 ﾠlys2-ﾭ128δ	 ﾠhis4-ﾭ912δ	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ura3-ﾭ52	 ﾠSPT6-ﾭNterm-ﾭFLAG	 ﾠ
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 ﾠ Purpose	 ﾠ 	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 ﾠ
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yEL165	 ﾠ 	 ﾠ Insertion	 ﾠmutant	 ﾠ 	 ﾠ 	 ﾠMATa/MATα	 ﾠlys2-ﾭ128δ/"	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ strain	 ﾠconstruction	 ﾠ 	 ﾠ 	 ﾠhis4-ﾭ912δ/HIS4	 ﾠhis3Δ200/HIS3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ura3-ﾭ52/ura3Δ0	 ﾠleu2Δ1/LEU2	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx4::GAL1pr-ﾭFLO8/FLO8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ SPT6-ﾭNterm-ﾭFLAG/SPT6	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ygr117c::NatMX/YGR117c	 ﾠ
	 ﾠ
yEL404	 ﾠ 	 ﾠ Tn7	 ﾠintegrated	 ﾠmutant	 ﾠ MATα	 ﾠlys2-ﾭ128δ	 ﾠhis4-ﾭ912δ	 ﾠor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ for	 ﾠspot	 ﾠtests	 ﾠ 	 ﾠ 	 ﾠ HIS4	 ﾠhis3Δ200	 ﾠor	 ﾠHIS3	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ura3-ﾭ52	 ﾠor	 ﾠura3Δ0	 ﾠleu2Δ1	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx4::GAL1pr-ﾭFLO8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ Nterm-ﾭFLAG-ﾭspt6-ﾭ543	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ygr117c::NatMX	 ﾠ
	 ﾠ
yEL406	 ﾠ 	 ﾠ Tn7	 ﾠintegrated	 ﾠmutant	 ﾠ MATα	 ﾠlys2-ﾭ128δ	 ﾠhis4-ﾭ912δ	 ﾠor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ for	 ﾠspot	 ﾠtests	 ﾠand	 ﾠ 	 ﾠ HIS4	 ﾠhis3Δ200	 ﾠor	 ﾠHIS3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ Western	 ﾠblot	 ﾠanalysis	 ﾠ ura3-ﾭ52	 ﾠor	 ﾠura3Δ0	 ﾠleu2Δ1	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx4::GAL1pr-ﾭFLO8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ Nterm-ﾭFLAG-ﾭspt6-ﾭ76	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ygr117c::NatMX	 ﾠ
	 ﾠ
yEL409	 ﾠ 	 ﾠ Tn7	 ﾠintegrated	 ﾠmutant	 ﾠ MATα	 ﾠlys2-ﾭ128δ	 ﾠhis4-ﾭ912δ	 ﾠor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ for	 ﾠspot	 ﾠtests	 ﾠ 	 ﾠ 	 ﾠ HIS4	 ﾠhis3Δ200	 ﾠor	 ﾠHIS3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ura3-ﾭ52	 ﾠor	 ﾠura3Δ0	 ﾠleu2Δ1	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx4::GAL1pr-ﾭFLO8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ Nterm-ﾭFLAG-ﾭspt6-ﾭ481	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ygr117c::NatMX	 ﾠ
	 ﾠ
yEL412	 ﾠ 	 ﾠ Tn7	 ﾠintegrated	 ﾠmutant	 ﾠ MATα	 ﾠlys2-ﾭ128δ	 ﾠhis4-ﾭ912δ	 ﾠor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ for	 ﾠspot	 ﾠtests	 ﾠand	 ﾠ 	 ﾠ HIS4	 ﾠhis3Δ200	 ﾠor	 ﾠHIS3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ Western	 ﾠblot	 ﾠanalysis	 ﾠ ura3-ﾭ52	 ﾠor	 ﾠura3Δ0	 ﾠleu2Δ1	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx4::GAL1pr-ﾭFLO8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ Nterm-ﾭFLAG-ﾭspt6-ﾭ487	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ygr117c::NatMX	 ﾠ	 ﾠ
	 ﾠ
yEL418	 ﾠ 	 ﾠ Tn7	 ﾠintegrated	 ﾠmutant	 ﾠ MATα	 ﾠlys2-ﾭ128δ	 ﾠhis4-ﾭ912δ	 ﾠor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ for	 ﾠspot	 ﾠtests	 ﾠ 	 ﾠ 	 ﾠ HIS4	 ﾠhis3Δ200	 ﾠor	 ﾠHIS3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ura3-ﾭ52	 ﾠor	 ﾠura3Δ0	 ﾠleu2Δ1	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx4::GAL1pr-ﾭFLO8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ Nterm-ﾭFLAG-ﾭspt6-ﾭ13	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ygr117c::NatMX	 ﾠ
	 ﾠ	 ﾠ 80	 ﾠ
Table	 ﾠ2-ﾭ3:	 ﾠYeast	 ﾠStrains	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter	 ﾠ(Continued).	 ﾠ
	 ﾠ
Strain	 ﾠ	 ﾠ 	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Genotype	 ﾠ
	 ﾠ
yEL421	 ﾠ 	 ﾠ Tn7	 ﾠintegrated	 ﾠmutant	 ﾠ MATα	 ﾠlys2-ﾭ128δ	 ﾠhis4-ﾭ912δ	 ﾠor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ for	 ﾠspot	 ﾠtests	 ﾠ 	 ﾠ 	 ﾠ HIS4	 ﾠhis3Δ200	 ﾠor	 ﾠHIS3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ura3-ﾭ52	 ﾠor	 ﾠura3Δ0	 ﾠleu2Δ1	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ KanMx4::GAL1pr-ﾭFLO8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ Nterm-ﾭFLAG-ﾭspt6-ﾭ19	 ﾠ








Figure	 ﾠ2-ﾭ2:	 ﾠPhenotypic	 ﾠanalysis	 ﾠof	 ﾠspt6::Tn7	 ﾠmutants.	 ﾠ	 ﾠA.	 ﾠRecessive	 ﾠphenotypic	 ﾠanalysis.	 ﾠ	 ﾠ
In	 ﾠthis	 ﾠsystem,	 ﾠthe	 ﾠgenomic	 ﾠcopy	 ﾠof	 ﾠSPT6	 ﾠis	 ﾠdeleted	 ﾠ(spt6Δ;	 ﾠthe	 ﾠblue	 ﾠrectangle	 ﾠrepresents	 ﾠ
the	 ﾠgenomic	 ﾠcopy)	 ﾠand	 ﾠcovered	 ﾠby	 ﾠa	 ﾠCEN	 ﾠplasmid	 ﾠ(shown	 ﾠin	 ﾠred)	 ﾠcontaining	 ﾠthe	 ﾠdesired	 ﾠ
spt6::Tn7	 ﾠmutation	 ﾠunder	 ﾠthe	 ﾠcontrol	 ﾠof	 ﾠa	 ﾠgalactose-ﾭ‐inducible	 ﾠpromoter.	 ﾠ	 ﾠSpot	 ﾠtests	 ﾠwere	 ﾠ
performed	 ﾠon	 ﾠplates	 ﾠcontaining	 ﾠgalactose	 ﾠ(inducing	 ﾠconditions).	 ﾠ	 ﾠB.	 ﾠDominant	 ﾠphenotypic	 ﾠ
analysis.	 ﾠ	 ﾠThese	 ﾠstrains	 ﾠare	 ﾠsimilar	 ﾠto	 ﾠPart	 ﾠA	 ﾠexcept	 ﾠthat	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠis	 ﾠpresent	 ﾠon	 ﾠa	 ﾠ
second	 ﾠCEN	 ﾠplasmid	 ﾠ(shown	 ﾠin	 ﾠgreen).	 ﾠ	 ﾠC.	 ﾠIntegrated	 ﾠphenotypic	 ﾠanalysis.	 ﾠ	 ﾠThe	 ﾠspt6::Tn7	 ﾠ
mutation	 ﾠis	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠgenome,	 ﾠreplacing	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠcopy	 ﾠof	 ﾠSPT6.	 ﾠ	 ﾠAll	 ﾠstrains	 ﾠ
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Figure	 ﾠ2-ﾭ2:	 ﾠPhenotypic	 ﾠanalysis	 ﾠof	 ﾠspt6::Tn7	 ﾠmutants	 ﾠ(Continued).	 ﾠ	 ﾠ 83	 ﾠ
	 ﾠreplacing	 ﾠthe	 ﾠgene	 ﾠimmediately	 ﾠdownstream	 ﾠ(YGR117c),	 ﾠwhich	 ﾠhas	 ﾠno	 ﾠdetectable	 ﾠ
phenotype	 ﾠ(Giaever	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠThe	 ﾠygr117cΔ::NatMx	 ﾠallele	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠconvenient	 ﾠ
marker	 ﾠfor	 ﾠspt6	 ﾠmutations.	 ﾠ	 ﾠFirst,	 ﾠa	 ﾠURA3	 ﾠopen	 ﾠreading	 ﾠframe	 ﾠ(ORF)	 ﾠPCR	 ﾠproduct	 ﾠwas	 ﾠ
inserted	 ﾠat	 ﾠthe	 ﾠsite	 ﾠof	 ﾠthe	 ﾠdesired	 ﾠspt6::tn7	 ﾠmutant	 ﾠinsertion	 ﾠwithin	 ﾠSPT6.	 ﾠ	 ﾠNext,	 ﾠPCR	 ﾠ
products	 ﾠcontaining	 ﾠthe	 ﾠdesired	 ﾠspt6::Tn7	 ﾠmutation	 ﾠwere	 ﾠused	 ﾠto	 ﾠtransform	 ﾠthe	 ﾠUra+	 ﾠstrain,	 ﾠ
selecting	 ﾠfor	 ﾠ5-ﾭ‐FOAR	 ﾠcolonies	 ﾠwhich	 ﾠindicate	 ﾠloss	 ﾠof	 ﾠthe	 ﾠURA3	 ﾠcassette	 ﾠand	 ﾠintegration	 ﾠof	 ﾠ
the	 ﾠspt6::tn7	 ﾠmutation	 ﾠ(Boeke	 ﾠet	 ﾠal.,	 ﾠ1984).	 ﾠ	 ﾠThis	 ﾠdiploid	 ﾠstrain	 ﾠwas	 ﾠthen	 ﾠsporulated	 ﾠto	 ﾠ
obtain	 ﾠthe	 ﾠdesired	 ﾠhaploid	 ﾠspt6::Tn7	 ﾠstrain	 ﾠ(Figure	 ﾠ2-ﾭ‐2C)	 ﾠ(Rose	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠMutations	 ﾠ
were	 ﾠconfirmed	 ﾠby	 ﾠsequencing.	 ﾠ
To	 ﾠconstruct	 ﾠspt6	 ﾠmutants	 ﾠlacking	 ﾠeither	 ﾠone	 ﾠor	 ﾠboth	 ﾠSH2	 ﾠdomains,	 ﾠtwo	 ﾠspt6	 ﾠ
mutants	 ﾠwere	 ﾠconstructed	 ﾠwhich	 ﾠencoded	 ﾠfor	 ﾠSpt6	 ﾠC-ﾭ‐terminal	 ﾠtruncations.	 ﾠ	 ﾠAll	 ﾠmutant	 ﾠand	 ﾠ
wild-ﾭ‐type	 ﾠconstructs	 ﾠalso	 ﾠencoded	 ﾠa	 ﾠTAP	 ﾠtag	 ﾠat	 ﾠthe	 ﾠC-ﾭ‐terminus	 ﾠof	 ﾠSPT6	 ﾠto	 ﾠallow	 ﾠfor	 ﾠWestern	 ﾠ
blot	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠprotein	 ﾠlevels.	 ﾠ	 ﾠThe	 ﾠspt6-ﾭTandem::TAP	 ﾠallele	 ﾠis	 ﾠdeleted	 ﾠfor	 ﾠthe	 ﾠlast	 ﾠ201	 ﾠ
codons	 ﾠof	 ﾠSPT6,	 ﾠencoding	 ﾠthe	 ﾠtwo	 ﾠSH2	 ﾠdomains.	 ﾠ	 ﾠThe	 ﾠspt6-ﾭΔSH22::TAP	 ﾠallele	 ﾠis	 ﾠdeleted	 ﾠfor	 ﾠ
the	 ﾠlast	 ﾠ101	 ﾠcodons	 ﾠof	 ﾠSPT6,	 ﾠencoding	 ﾠthe	 ﾠmore	 ﾠC-ﾭ‐terminal	 ﾠSH22	 ﾠdomain.	 ﾠ	 ﾠAll	 ﾠTAP-ﾭ‐tagged	 ﾠ
alleles	 ﾠwere	 ﾠcreated	 ﾠby	 ﾠtransforming	 ﾠa	 ﾠTAP-ﾭNatMx	 ﾠcassette	 ﾠ(amplified	 ﾠfrom	 ﾠpFA6a-ﾭ‐C-ﾭ‐TAP4-ﾭ‐
natMX6;	 ﾠTable	 ﾠ2-ﾭ‐1)	 ﾠ(Van	 ﾠDriessche	 ﾠet	 ﾠal.,	 ﾠ2005))	 ﾠinto	 ﾠthe	 ﾠdiploid	 ﾠstrain	 ﾠFY2808.	 ﾠ	 ﾠNat-ﾭ‐
resistant	 ﾠtransformants	 ﾠwere	 ﾠisolated,	 ﾠand	 ﾠthe	 ﾠTAP-ﾭ‐tagged	 ﾠconstructs	 ﾠwere	 ﾠconfirmed	 ﾠby	 ﾠ
PCR	 ﾠand	 ﾠsequencing.	 ﾠ	 ﾠ	 ﾠ
Sporulation	 ﾠand	 ﾠtetrad	 ﾠdissection	 ﾠto	 ﾠanalyze	 ﾠhaploid	 ﾠstrains	 ﾠthat	 ﾠcontained	 ﾠthe	 ﾠSH2	 ﾠ
deletions	 ﾠwere	 ﾠperformed	 ﾠby	 ﾠstandard	 ﾠprocedures	 ﾠ(Rose	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠFor	 ﾠSPT6::TAP	 ﾠ(full-ﾭ‐
length	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠfused	 ﾠto	 ﾠTAP),	 ﾠcells	 ﾠbehaved	 ﾠidentically	 ﾠto	 ﾠwild-ﾭ‐type	 ﾠcells	 ﾠ(They	 ﾠgrew	 ﾠ
at	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠgrowth	 ﾠrate,	 ﾠand	 ﾠno	 ﾠspt6	 ﾠmutant	 ﾠphenotypes	 ﾠwere	 ﾠdetected).	 ﾠ	 ﾠ	 ﾠ 84	 ﾠ
Spot	 ﾠTests	 ﾠ
For	 ﾠall	 ﾠspot	 ﾠtests,	 ﾠyeast	 ﾠstrains	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠsaturation	 ﾠin	 ﾠYPD,	 ﾠserially	 ﾠdiluted	 ﾠ10-ﾭ‐
fold,	 ﾠand	 ﾠspotted	 ﾠonto	 ﾠthe	 ﾠindicated	 ﾠmedia	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThe	 ﾠone	 ﾠexception	 ﾠto	 ﾠthis	 ﾠ
was	 ﾠthe	 ﾠspt6::Tn7	 ﾠdominant	 ﾠphenotype	 ﾠanalysis	 ﾠwhere	 ﾠstrains	 ﾠwere	 ﾠgrown	 ﾠin	 ﾠSC-ﾭ‐Ura-ﾭ‐Trp	 ﾠto	 ﾠ
prevent	 ﾠplasmid	 ﾠloss.	 ﾠ	 ﾠTo	 ﾠanalyze	 ﾠthe	 ﾠspt6::Tn7	 ﾠinsertion	 ﾠmutants,	 ﾠthe	 ﾠstrains	 ﾠwere	 ﾠderived	 ﾠ
from	 ﾠyEL22	 ﾠand	 ﾠyEL165.	 ﾠ	 ﾠSpot	 ﾠtests	 ﾠwere	 ﾠperformed	 ﾠon	 ﾠthe	 ﾠmedia	 ﾠconditions	 ﾠlisted	 ﾠin	 ﾠ
Table	 ﾠ2-ﾭ‐4	 ﾠ(Hampsey,	 ﾠ1997).	 ﾠ	 ﾠThe	 ﾠSpt-ﾭ‐	 ﾠ(SuPpression	 ﾠof	 ﾠTy	 ﾠinsertion)	 ﾠphenotype	 ﾠrefers	 ﾠto	 ﾠ
suppression	 ﾠof	 ﾠthe	 ﾠLys-ﾭ‐	 ﾠphenotype	 ﾠof	 ﾠthe	 ﾠmutation,	 ﾠlys2-ﾭ128δ,	 ﾠcaused	 ﾠby	 ﾠa	 ﾠTy	 ﾠLTR	 ﾠinsertion	 ﾠ
in	 ﾠthe	 ﾠLYS2	 ﾠgene	 ﾠ(Fassler	 ﾠand	 ﾠWinston,	 ﾠ1988;	 ﾠSimchen	 ﾠet	 ﾠal.,	 ﾠ1984).	 ﾠ	 ﾠAll	 ﾠspt6::Tn7	 ﾠspot	 ﾠtests	 ﾠ
were	 ﾠperformed	 ﾠon	 ﾠmedia	 ﾠcontaining	 ﾠgalactose	 ﾠwhich	 ﾠcauses	 ﾠover-ﾭ‐expression	 ﾠof	 ﾠthe	 ﾠ
spt6::Tn7	 ﾠmutants.	 ﾠ	 ﾠYPD,	 ﾠYPGal,	 ﾠSC-ﾭ‐His,	 ﾠSC-ﾭ‐Lys,	 ﾠSC-ﾭ‐Ura,	 ﾠand	 ﾠSC-ﾭ‐Trp	 ﾠwere	 ﾠmade	 ﾠas	 ﾠdescribed	 ﾠ
previously	 ﾠ(Rose	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠ
To	 ﾠanalyze	 ﾠthe	 ﾠspt6	 ﾠSH2	 ﾠdeletion	 ﾠmutants,	 ﾠthe	 ﾠstrains	 ﾠused	 ﾠwere	 ﾠFY2809,	 ﾠFY2810,	 ﾠ
FY2811,	 ﾠand	 ﾠFY2812.	 ﾠ	 ﾠFor	 ﾠSpn1-ﾭ‐binding	 ﾠmutant	 ﾠanalysis,	 ﾠthe	 ﾠstrains	 ﾠused	 ﾠcontained	 ﾠthe	 ﾠ
spt6Δ::LEU2	 ﾠallele	 ﾠin	 ﾠthe	 ﾠgenome	 ﾠcovered	 ﾠby	 ﾠa	 ﾠCEN	 ﾠplasmid	 ﾠcontaining	 ﾠeither	 ﾠFLAG-ﾭ‐tagged	 ﾠ
wild-ﾭ‐type	 ﾠSPT6	 ﾠ(yEL89),	 ﾠspt6-ﾭ50	 ﾠ(yEL90),	 ﾠspt6-ﾭYW	 ﾠ(yEL91),	 ﾠspt6-ﾭY	 ﾠ(yEL92),	 ﾠspt6-ﾭW	 ﾠ
(yEL93),	 ﾠspt6-ﾭIF	 ﾠ(yEL95),	 ﾠor	 ﾠspt6-ﾭGG	 ﾠ(yEL96).	 ﾠ	 ﾠSpot	 ﾠtests	 ﾠwere	 ﾠperformed	 ﾠon	 ﾠthe	 ﾠfollowing	 ﾠ
media:	 ﾠYPD,	 ﾠYPD	 ﾠat	 ﾠ37	 ﾠ°C,	 ﾠYPD	 ﾠat	 ﾠ16	 ﾠ°C,	 ﾠSC-ﾭ‐His,	 ﾠSC-ﾭ‐Lys,	 ﾠYPD	 ﾠwith	 ﾠ150mM	 ﾠhydroxyurea,	 ﾠYPD	 ﾠ
with	 ﾠ13μg/ml	 ﾠphleomycin,	 ﾠYPD	 ﾠwith	 ﾠ15mM	 ﾠcaffeine,	 ﾠand	 ﾠ0.01%	 ﾠmethyl	 ﾠmethanesulfonate	 ﾠ
(MMS).	 ﾠ	 ﾠ 85	 ﾠ
Table	 ﾠ2-ﾭ4:	 ﾠSummary	 ﾠof	 ﾠmutant	 ﾠphenotypes	 ﾠtested.	 ﾠ	 ﾠThe	 ﾠSpt-ﾭ‐	 ﾠ(SuPpression	 ﾠof	 ﾠTy	 ﾠ
insertion)	 ﾠphenotype	 ﾠrefers	 ﾠto	 ﾠsuppression	 ﾠof	 ﾠthe	 ﾠLys-ﾭ‐	 ﾠphenotype	 ﾠcaused	 ﾠby	 ﾠthe	 ﾠTy	 ﾠLTR	 ﾠ
insertion	 ﾠmutation,	 ﾠlys2-ﾭ128δ.	 ﾠ	 ﾠAll	 ﾠspt6::Tn7	 ﾠspot	 ﾠtests	 ﾠwere	 ﾠperformed	 ﾠon	 ﾠmedia	 ﾠcontaining	 ﾠ
galactose	 ﾠwhich	 ﾠcauses	 ﾠover-ﾭ‐expression	 ﾠof	 ﾠthe	 ﾠspt6::Tn7	 ﾠmutants.	 ﾠ	 ﾠAll	 ﾠplates	 ﾠwere	 ﾠincubated	 ﾠ
on	 ﾠYPGal	 ﾠat	 ﾠ30°C	 ﾠunless	 ﾠotherwise	 ﾠindicated.	 ﾠ(Ausubel	 ﾠet	 ﾠal,	 ﾠ1987;	 ﾠHampsey,	 ﾠ1997;	 ﾠRose	 ﾠet	 ﾠ
al,	 ﾠ1990)	 ﾠ
	 ﾠ
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Western	 ﾠBlot	 ﾠAnalysis	 ﾠ
Analysis	 ﾠof	 ﾠFLAG-ﾭ‐tagged	 ﾠor	 ﾠTAP-ﾭ‐tagged	 ﾠproteins	 ﾠby	 ﾠWestern	 ﾠanalysis	 ﾠwas	 ﾠdone	 ﾠas	 ﾠ
previously	 ﾠdescribed	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThis	 ﾠwas	 ﾠdone	 ﾠfor	 ﾠstrains	 ﾠFY653,	 ﾠyEL163,	 ﾠ
FY2180,	 ﾠyEL406,	 ﾠyEL412,	 ﾠFY2796,	 ﾠFY2797,	 ﾠand	 ﾠFY2798.	 ﾠ	 ﾠThe	 ﾠFLAG	 ﾠtag	 ﾠand	 ﾠTAP	 ﾠtag	 ﾠwere	 ﾠ
detected	 ﾠusing	 ﾠthe	 ﾠM2	 ﾠα-ﾭ‐FLAG	 ﾠantibody	 ﾠ(1:1000	 ﾠdilution;	 ﾠSigma	 ﾠF3165)	 ﾠand	 ﾠthe	 ﾠperoxidase	 ﾠ
α-ﾭ‐peroxidase	 ﾠantibody	 ﾠ(1:5000	 ﾠdilution;	 ﾠSigma	 ﾠP1291),	 ﾠrespectively.	 ﾠ	 ﾠSpt6	 ﾠantiserum	 ﾠwas	 ﾠa	 ﾠ
generous	 ﾠgift	 ﾠfrom	 ﾠLaura	 ﾠMcCollough	 ﾠand	 ﾠTim	 ﾠFormosa	 ﾠ(1:2000	 ﾠdilution	 ﾠin	 ﾠTBST).	 ﾠ	 ﾠPgk1	 ﾠ
was	 ﾠused	 ﾠas	 ﾠa	 ﾠloading	 ﾠcontrol	 ﾠand	 ﾠvisualized	 ﾠwith	 ﾠα-ﾭ‐Pgk1	 ﾠantiserum	 ﾠ(Invitrogen	 ﾠ459250).	 ﾠ	 ﾠ
	 ﾠ
Co-ﾭimmunoprecipitations	 ﾠ
Co-ﾭ‐immunoprecipitations	 ﾠ(co-ﾭ‐IPs)	 ﾠwere	 ﾠperformed	 ﾠas	 ﾠpreviously	 ﾠdescribed	 ﾠ(Zhang	 ﾠ
et	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠBriefly,	 ﾠcell	 ﾠlysates	 ﾠwere	 ﾠprepared	 ﾠfrom	 ﾠhaploid	 ﾠstrains	 ﾠcontaining	 ﾠeither	 ﾠ
untagged	 ﾠwild-ﾭ‐type	 ﾠSpt6	 ﾠ(FY857),	 ﾠFLAG-ﾭ‐tagged	 ﾠSpt6	 ﾠ(yEL89),	 ﾠSpt6-ﾭ‐YW	 ﾠ(yEL91),	 ﾠSpt6-ﾭ‐Y	 ﾠ
(yEL92),	 ﾠSpt6-ﾭ‐W	 ﾠ(yEL93),	 ﾠSpt6-ﾭ‐IF	 ﾠ(yEL95),	 ﾠor	 ﾠSpt6-ﾭ‐GG	 ﾠ(yEL96)	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠAfter	 ﾠ
pull-ﾭ‐down	 ﾠwith	 ﾠα-ﾭ‐FLAG	 ﾠantibody	 ﾠcoupled	 ﾠto	 ﾠProtein	 ﾠG	 ﾠbeads,	 ﾠsamples	 ﾠwere	 ﾠprobed	 ﾠfor	 ﾠthe	 ﾠ
presence	 ﾠof	 ﾠSpt6	 ﾠ(M2	 ﾠα-ﾭ‐FLAG	 ﾠantibody	 ﾠ(1:1000	 ﾠdilution;	 ﾠSigma	 ﾠF3165))	 ﾠand	 ﾠSpn1	 ﾠ(α-ﾭ‐Spn1	 ﾠ
antibody,	 ﾠcourtesy	 ﾠof	 ﾠCatherine	 ﾠRadebaugh	 ﾠand	 ﾠLaurie	 ﾠStargell)	 ﾠ(Zhang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
	 ﾠ
GST	 ﾠPull-ﾭdown	 ﾠExperiments,	 ﾠPhosphospecificity	 ﾠAnalysis,	 ﾠand	 ﾠProtein	 ﾠStructure	 ﾠ
Determination	 ﾠ
These	 ﾠexperiments	 ﾠwere	 ﾠperformed	 ﾠby	 ﾠour	 ﾠcollaborators.	 ﾠ	 ﾠDetailed	 ﾠmethods	 ﾠcan	 ﾠbe	 ﾠ
found	 ﾠin	 ﾠour	 ﾠcollaborative	 ﾠpublications	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ	 ﾠIt	 ﾠ
should	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠthe	 ﾠcrystal	 ﾠstructure	 ﾠof	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠwas	 ﾠsolved	 ﾠin	 ﾠthe	 ﾠ	 ﾠ 87	 ﾠ
unicellular	 ﾠeukaryotic	 ﾠparasite	 ﾠAntonospora	 ﾠlocustae.	 ﾠ	 ﾠThis	 ﾠorganism	 ﾠhas	 ﾠshorter	 ﾠversions	 ﾠ
of	 ﾠmany	 ﾠeukaryotic	 ﾠproteins	 ﾠwhile	 ﾠstill	 ﾠretaining	 ﾠthe	 ﾠessential	 ﾠorganization	 ﾠof	 ﾠorthologs	 ﾠ
seen	 ﾠin	 ﾠother	 ﾠorganisms,	 ﾠsuch	 ﾠas	 ﾠS.	 ﾠcerevisiae	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠ
Keeling,	 ﾠ2001).	 ﾠ	 ﾠUse	 ﾠof	 ﾠA.	 ﾠlocustae	 ﾠmade	 ﾠthe	 ﾠSH2	 ﾠdomain	 ﾠstructure	 ﾠdetermination	 ﾠpossible	 ﾠ
whereas	 ﾠall	 ﾠprevious	 ﾠattempts	 ﾠto	 ﾠcrystallize	 ﾠSpt6	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠhad	 ﾠfailed.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠSpn1-ﾭ‐




Isolation	 ﾠand	 ﾠAnalysis	 ﾠof	 ﾠPlasmid-ﾭborne	 ﾠInsertion	 ﾠMutations	 ﾠin	 ﾠSPT6	 ﾠ
To	 ﾠunderstand	 ﾠthe	 ﾠroles	 ﾠof	 ﾠthe	 ﾠdifferent	 ﾠdomains	 ﾠof	 ﾠSpt6,	 ﾠI	 ﾠhave	 ﾠperformed	 ﾠa	 ﾠlarge-ﾭ‐
scale	 ﾠrandom	 ﾠmutagenesis	 ﾠof	 ﾠSPT6	 ﾠusing	 ﾠin	 ﾠvitro	 ﾠtransposon-ﾭ‐based	 ﾠinsertion	 ﾠmutagenesis	 ﾠ
(Biery	 ﾠet	 ﾠal.,	 ﾠ2000b).	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠintroduces	 ﾠrandom	 ﾠfifteen	 ﾠbase	 ﾠpair	 ﾠinsertions	 ﾠinto	 ﾠa	 ﾠ
CEN	 ﾠplasmid	 ﾠwith	 ﾠa	 ﾠDNA	 ﾠconstruct	 ﾠencoding	 ﾠMYC-ﾭ‐tagged	 ﾠSpt6	 ﾠdriven	 ﾠby	 ﾠthe	 ﾠGAL1	 ﾠ
galactose-ﾭ‐inducible	 ﾠpromoter	 ﾠ(Figure	 ﾠ2-ﾭ‐1;	 ﾠM.	 ﾠGupta,	 ﾠunpublished	 ﾠdata).	 ﾠ	 ﾠThe	 ﾠSPT6	 ﾠgene	 ﾠwas	 ﾠ
put	 ﾠunder	 ﾠcontrol	 ﾠof	 ﾠa	 ﾠgalactose-ﾭ‐inducible	 ﾠpromoter	 ﾠin	 ﾠorder	 ﾠto	 ﾠbe	 ﾠable	 ﾠto	 ﾠcontrol	 ﾠSpt6	 ﾠ
protein	 ﾠlevels	 ﾠand	 ﾠto	 ﾠidentify	 ﾠspt6	 ﾠmutations	 ﾠthat	 ﾠenhanced	 ﾠor	 ﾠimpaired	 ﾠthe	 ﾠover-ﾭ‐
expression	 ﾠphenotype	 ﾠof	 ﾠSpt6	 ﾠ(Clark-ﾭ‐Adams	 ﾠand	 ﾠWinston,	 ﾠ1987).	 ﾠ	 ﾠOf	 ﾠthe	 ﾠsix	 ﾠpossible	 ﾠ
reading	 ﾠframes	 ﾠof	 ﾠthe	 ﾠinsertions,	 ﾠtwo	 ﾠwill	 ﾠresult	 ﾠin	 ﾠa	 ﾠtermination	 ﾠcodon	 ﾠwhile	 ﾠfour	 ﾠwill	 ﾠ
insert	 ﾠa	 ﾠsequence	 ﾠencoding	 ﾠfive	 ﾠamino	 ﾠacids	 ﾠinto	 ﾠthe	 ﾠSPT6	 ﾠopen	 ﾠreading	 ﾠframe.	 ﾠ	 ﾠI	 ﾠ
successfully	 ﾠisolated	 ﾠsixty-ﾭ‐seven	 ﾠmutations	 ﾠpositioned	 ﾠrandomly	 ﾠthroughout	 ﾠSPT6	 ﾠwith	 ﾠat	 ﾠ
least	 ﾠone	 ﾠinsertion	 ﾠin	 ﾠevery	 ﾠregion	 ﾠof	 ﾠthe	 ﾠgene	 ﾠencoding	 ﾠa	 ﾠputative	 ﾠdomain	 ﾠ(Figure	 ﾠ2-ﾭ‐3).	 ﾠ	 ﾠAll	 ﾠ
of	 ﾠthe	 ﾠmutations	 ﾠwere	 ﾠanalyzed	 ﾠby	 ﾠrestriction	 ﾠdigestion	 ﾠand	 ﾠDNA	 ﾠsequencing	 ﾠ(Materials	 ﾠ	 ﾠ	 ﾠ 88	 ﾠ
	 ﾠ
	 ﾠ
Figure	 ﾠ2-ﾭ3:	 ﾠOverview	 ﾠof	 ﾠinsertions	 ﾠwithin	 ﾠSpt6.	 ﾠ	 ﾠThe	 ﾠlocations	 ﾠof	 ﾠthe	 ﾠidentified	 ﾠread-ﾭ‐
through	 ﾠalleles	 ﾠ(blue)	 ﾠand	 ﾠtruncation	 ﾠalleles	 ﾠ(red)	 ﾠare	 ﾠshown	 ﾠabove	 ﾠthe	 ﾠdiagram	 ﾠof	 ﾠSpt6	 ﾠ
domains.	 ﾠ	 ﾠThe	 ﾠheight	 ﾠof	 ﾠthe	 ﾠbars	 ﾠindicates	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠinsertions	 ﾠat	 ﾠthat	 ﾠlocation	 ﾠ(either	 ﾠ
one,	 ﾠtwo,	 ﾠor	 ﾠfour).	 ﾠ	 ﾠIn	 ﾠsix	 ﾠcases,	 ﾠtwo	 ﾠinsertions	 ﾠare	 ﾠfound	 ﾠat	 ﾠthe	 ﾠsame	 ﾠlocation	 ﾠand,	 ﾠin	 ﾠone	 ﾠ
case,	 ﾠfour	 ﾠinsertions	 ﾠare	 ﾠfound	 ﾠat	 ﾠthe	 ﾠsame	 ﾠlocation.	 ﾠ	 ﾠAs	 ﾠexpected,	 ﾠapproximately	 ﾠone	 ﾠthird	 ﾠ
of	 ﾠinsertion	 ﾠmutations	 ﾠintroduce	 ﾠa	 ﾠstop	 ﾠcodon.	 ﾠ	 ﾠThe	 ﾠvast	 ﾠmajority	 ﾠof	 ﾠread-ﾭ‐through	 ﾠ
mutations	 ﾠallow	 ﾠviability,	 ﾠwhile	 ﾠall	 ﾠbut	 ﾠone	 ﾠof	 ﾠthe	 ﾠnonsense	 ﾠalleles	 ﾠcause	 ﾠinviability.	 ﾠ	 ﾠ 89	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and	 ﾠMethods).	 ﾠ	 ﾠOf	 ﾠthe	 ﾠsixty-ﾭ‐seven	 ﾠmutations,	 ﾠforty-ﾭ‐four	 ﾠare	 ﾠread-ﾭ‐through	 ﾠalleles	 ﾠand	 ﾠ
twenty-ﾭ‐three	 ﾠintroduce	 ﾠa	 ﾠtranslation	 ﾠtermination	 ﾠcodon.	 ﾠ
	 ﾠ To	 ﾠdetermine	 ﾠthe	 ﾠpossible	 ﾠrecessive	 ﾠmutant	 ﾠphenotypes	 ﾠcaused	 ﾠby	 ﾠeach	 ﾠspt6::Tn7	 ﾠ
allele,	 ﾠeach	 ﾠmutant	 ﾠplasmid	 ﾠwas	 ﾠscreened	 ﾠby	 ﾠplasmid	 ﾠshuffle	 ﾠ(Figure	 ﾠ2-ﾭ‐3)	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠ
Materials	 ﾠand	 ﾠMethods.	 ﾠ	 ﾠOf	 ﾠthe	 ﾠsixty-ﾭ‐seven	 ﾠinsertion	 ﾠmutants,	 ﾠforty-ﾭ‐one	 ﾠare	 ﾠviable	 ﾠ(forty	 ﾠ
encode	 ﾠread-ﾭ‐through	 ﾠalleles	 ﾠand	 ﾠone	 ﾠencodes	 ﾠa	 ﾠC-ﾭ‐terminal	 ﾠtruncation)	 ﾠand	 ﾠtwenty-ﾭ‐six	 ﾠare	 ﾠ
inviable	 ﾠ(twenty-ﾭ‐two	 ﾠencode	 ﾠtruncations	 ﾠand	 ﾠfour	 ﾠencode	 ﾠread-ﾭ‐through	 ﾠalleles).	 ﾠ	 ﾠViable	 ﾠ
mutants	 ﾠwere	 ﾠanalyzed	 ﾠby	 ﾠserial	 ﾠdilution	 ﾠspot	 ﾠtests	 ﾠfor	 ﾠa	 ﾠset	 ﾠof	 ﾠthirteen	 ﾠphenotypes	 ﾠ(Table	 ﾠ
2-ﾭ‐4).	 ﾠ	 ﾠ	 ﾠ
The	 ﾠresults	 ﾠof	 ﾠthe	 ﾠphenotypic	 ﾠscreens	 ﾠare	 ﾠsummarized	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐5.	 ﾠ	 ﾠSeveral	 ﾠmutants	 ﾠ
are	 ﾠpleiotropic	 ﾠwith	 ﾠa	 ﾠnumber	 ﾠof	 ﾠmutant	 ﾠphenotypes,	 ﾠsuch	 ﾠas	 ﾠmutants	 ﾠspt6-ﾭ101,	 ﾠ313,	 ﾠand	 ﾠ
201	 ﾠ(Table	 ﾠ2-ﾭ‐5A).	 ﾠ	 ﾠHowever,	 ﾠthere	 ﾠare	 ﾠalso	 ﾠseveral	 ﾠmutants	 ﾠthat	 ﾠhave	 ﾠone	 ﾠprimary	 ﾠ
phenotype.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠmutants	 ﾠspt6-ﾭ76,	 ﾠ481,	 ﾠ162,	 ﾠand	 ﾠ13	 ﾠare	 ﾠprimarily	 ﾠsensitive	 ﾠto	 ﾠonly	 ﾠ
high	 ﾠtemperature,	 ﾠMMS,	 ﾠmycophenolic	 ﾠacid,	 ﾠor	 ﾠphleomycin,	 ﾠrespectively	 ﾠ(Table	 ﾠ2-ﾭ‐5A).	 ﾠ	 ﾠThis	 ﾠ
is	 ﾠparticularly	 ﾠintriguing	 ﾠbecause	 ﾠthe	 ﾠvast	 ﾠmajority	 ﾠof	 ﾠpreiously-ﾭ‐known	 ﾠspt6	 ﾠmutant	 ﾠalleles	 ﾠ
are	 ﾠhighly	 ﾠpleiotropic,	 ﾠmaking	 ﾠit	 ﾠdifficult	 ﾠto	 ﾠdetermine	 ﾠany	 ﾠspecific	 ﾠeffects	 ﾠof	 ﾠthe	 ﾠmutation	 ﾠ
(Kaplan,	 ﾠ2002).	 ﾠ
Interestingly,	 ﾠthere	 ﾠare	 ﾠtwo	 ﾠexamples	 ﾠof	 ﾠpairs	 ﾠof	 ﾠinsertion	 ﾠmutants	 ﾠat	 ﾠadjacent	 ﾠ
amino	 ﾠacid	 ﾠpositions	 ﾠthat	 ﾠhave	 ﾠvery	 ﾠdifferent	 ﾠphenotypes	 ﾠ(for	 ﾠexample,	 ﾠone	 ﾠbehaving	 ﾠlike	 ﾠ
wild	 ﾠtype	 ﾠand	 ﾠthe	 ﾠother	 ﾠhaving	 ﾠstrong	 ﾠmutant	 ﾠphenotypes).	 ﾠ	 ﾠExamples	 ﾠof	 ﾠthis	 ﾠare	 ﾠfound	 ﾠin	 ﾠ
the	 ﾠregion	 ﾠencoding	 ﾠthe	 ﾠDLD	 ﾠdomain	 ﾠand	 ﾠinclude	 ﾠmutants	 ﾠspt6-ﾭ313	 ﾠand	 ﾠspt6-ﾭ347	 ﾠ(at	 ﾠ	 ﾠ	 ﾠ 90	 ﾠ
Table	 ﾠ2-ﾭ5:	 ﾠRecessive	 ﾠand	 ﾠdominant	 ﾠphenotype	 ﾠsummary	 ﾠof	 ﾠspt6	 ﾠinsertion	 ﾠmutants.	 ﾠ	 ﾠ
A.	 ﾠ	 ﾠRecessive	 ﾠphenotype	 ﾠsummary.	 ﾠ	 ﾠThe	 ﾠscoring	 ﾠof	 ﾠthe	 ﾠphenotypes	 ﾠfor	 ﾠeach	 ﾠviable	 ﾠspt6	 ﾠ
insertion	 ﾠmutation	 ﾠis	 ﾠshown.	 ﾠ	 ﾠThe	 ﾠmutant	 ﾠname	 ﾠis	 ﾠlisted	 ﾠin	 ﾠthe	 ﾠfar	 ﾠleft	 ﾠcolumn	 ﾠand	 ﾠthe	 ﾠ
amino	 ﾠacid	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠinsertion	 ﾠin	 ﾠthe	 ﾠSpt6	 ﾠprotein	 ﾠis	 ﾠlisted	 ﾠin	 ﾠthe	 ﾠsecond	 ﾠcolumn.	 ﾠ	 ﾠEach	 ﾠ
phenotype	 ﾠwas	 ﾠgiven	 ﾠa	 ﾠnumerical	 ﾠscore	 ﾠof	 ﾠ0	 ﾠthough	 ﾠ5	 ﾠ(0	 ﾠbeing	 ﾠno	 ﾠgrowth	 ﾠand	 ﾠ5	 ﾠbeing	 ﾠ
maximum	 ﾠgrowth).	 ﾠ	 ﾠAll	 ﾠsignificant	 ﾠphenotypes	 ﾠare	 ﾠhighlighted	 ﾠin	 ﾠcolor.	 ﾠ	 ﾠThe	 ﾠcolors	 ﾠ
correspond	 ﾠto	 ﾠthe	 ﾠstrength	 ﾠand	 ﾠtype	 ﾠof	 ﾠphenotype	 ﾠ(see	 ﾠTable	 ﾠ2-ﾭ‐5	 ﾠkey	 ﾠon	 ﾠthe	 ﾠfollowing	 ﾠ
page).	 ﾠ	 ﾠThe	 ﾠmedia	 ﾠconditions	 ﾠare	 ﾠlisted	 ﾠat	 ﾠthe	 ﾠtop.	 ﾠ	 ﾠPhenotype	 ﾠscores	 ﾠare	 ﾠlisted	 ﾠfor	 ﾠthe	 ﾠday	 ﾠ
shown	 ﾠin	 ﾠthe	 ﾠsecond	 ﾠrow.	 ﾠ	 ﾠDetails	 ﾠregarding	 ﾠmedia	 ﾠconditions	 ﾠused	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐
4.	 ﾠ	 ﾠB.	 ﾠDominant	 ﾠphenotype	 ﾠsummary	 ﾠfor	 ﾠall	 ﾠspt6	 ﾠinsertion	 ﾠmutations.	 ﾠ	 ﾠThe	 ﾠphenotypes	 ﾠare	 ﾠ
scored	 ﾠand	 ﾠorganized	 ﾠsimilarly	 ﾠto	 ﾠTable	 ﾠ2-ﾭ‐5A.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠfar	 ﾠleft	 ﾠcolumn,	 ﾠread-ﾭ‐through	 ﾠ
mutations	 ﾠare	 ﾠshown	 ﾠin	 ﾠpurple	 ﾠand	 ﾠnonsense	 ﾠalleles	 ﾠare	 ﾠshown	 ﾠin	 ﾠorange.	 ﾠ	 ﾠAll	 ﾠmedia	 ﾠplates	 ﾠ
used	 ﾠfor	 ﾠTable	 ﾠ2-ﾭ‐5B	 ﾠwere	 ﾠSC-ﾭ‐Ura-ﾭ‐Trp	 ﾠgalactose	 ﾠunless	 ﾠotherwise	 ﾠindicated.	 ﾠ	 ﾠAll	 ﾠother	 ﾠ
conditions	 ﾠwere	 ﾠsimilar	 ﾠto	 ﾠTable	 ﾠ2-ﾭ‐5A.	 ﾠ	 ﾠIn	 ﾠregards	 ﾠto	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠ(SC-ﾭ‐Lys)	 ﾠphenotype	 ﾠin	 ﾠthe	 ﾠ
dominant	 ﾠphenotype	 ﾠanalysis,	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠis	 ﾠthe	 ﾠopposite	 ﾠof	 ﾠwhat	 ﾠis	 ﾠseen	 ﾠin	 ﾠa	 ﾠ
recessive	 ﾠphenotype	 ﾠanalysis.	 ﾠ	 ﾠWild-ﾭ‐type	 ﾠSPT6	 ﾠcauses	 ﾠan	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠwhen	 ﾠover-ﾭ‐
expressed	 ﾠin	 ﾠthe	 ﾠdominant	 ﾠphenotype	 ﾠanalysis	 ﾠcontext.	 ﾠ	 ﾠIf	 ﾠan	 ﾠover-ﾭ‐expressed	 ﾠspt6	 ﾠmutant	 ﾠ
behaves	 ﾠdifferently	 ﾠ(for	 ﾠexample,	 ﾠif	 ﾠit	 ﾠdoes	 ﾠnot	 ﾠhave	 ﾠan	 ﾠSpt-ﾭ‐	 ﾠphenotype),	 ﾠthis	 ﾠis	 ﾠscored	 ﾠas	 ﾠa	 ﾠ
mutant	 ﾠphenotype.	 ﾠ	 ﾠOne	 ﾠphenotype	 ﾠfor	 ﾠmutant	 ﾠspt6-ﾭ162	 ﾠis	 ﾠlisted	 ﾠas	 ﾠ“NA”	 ﾠ(not	 ﾠavailable)	 ﾠdue	 ﾠ
to	 ﾠcontamination	 ﾠwhich	 ﾠobscured	 ﾠthat	 ﾠspot	 ﾠtest	 ﾠrow.	 ﾠ(Abbreviations:	 ﾠAA,	 ﾠamino	 ﾠacid	 ﾠ
position;	 ﾠWT,	 ﾠwild	 ﾠtype;	 ﾠMPA,	 ﾠMycophenolic	 ﾠacid;	 ﾠHU,	 ﾠHydroxyurea;	 ﾠPhleo,	 ﾠPhleomycin;	 ﾠ
MMS,	 ﾠMethyl	 ﾠmethanesulfonate;	 ﾠRapa,	 ﾠRapamycin;	 ﾠNoco,	 ﾠNocodazole;	 ﾠTBZ,	 ﾠThiabendazole;	 ﾠ
NA,	 ﾠnot	 ﾠavailable)	 ﾠ	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 ﾠcodons	 ﾠencoding	 ﾠresidues	 ﾠ1046	 ﾠand	 ﾠ1047,	 ﾠrespectively),	 ﾠas	 ﾠwell	 ﾠas	 ﾠspt6-ﾭ13	 ﾠand	 ﾠspt6-ﾭ160	 ﾠ(at	 ﾠ
nearby	 ﾠcodons	 ﾠencoding	 ﾠresidues	 ﾠ1098	 ﾠand	 ﾠ1099,	 ﾠrespectively).	 ﾠ	 ﾠAnalysis	 ﾠof	 ﾠthe	 ﾠamino	 ﾠacid	 ﾠ
sequences	 ﾠinserted	 ﾠin	 ﾠthese	 ﾠmutants	 ﾠindicates	 ﾠthat	 ﾠspt6-ﾭ313	 ﾠand	 ﾠspt6-ﾭ347	 ﾠcontain	 ﾠ
sequences	 ﾠencoding	 ﾠthe	 ﾠidentical	 ﾠfive	 ﾠamino	 ﾠacids	 ﾠ(methionine,	 ﾠphenylalanine,	 ﾠlysine,	 ﾠ
histidine,	 ﾠglutamic	 ﾠacid),	 ﾠwhile	 ﾠthe	 ﾠspt6-ﾭ13	 ﾠand	 ﾠspt6-ﾭ160	 ﾠinsertions	 ﾠare	 ﾠin	 ﾠdifferent	 ﾠreading	 ﾠ
frames	 ﾠand	 ﾠtherefore	 ﾠencode	 ﾠdifferent	 ﾠamino	 ﾠacid	 ﾠsequences	 ﾠ(valine,	 ﾠphenylalanine,	 ﾠlysine,	 ﾠ
histidine,	 ﾠleucine,	 ﾠor	 ﾠglutamic	 ﾠacid,	 ﾠcysteine,	 ﾠleucine,	 ﾠaparagine,	 ﾠisoleucine,	 ﾠrespectively).	 ﾠ	 ﾠ
The	 ﾠsignificance	 ﾠof	 ﾠthese	 ﾠphenotypic	 ﾠdifferences	 ﾠin	 ﾠmutants	 ﾠwith	 ﾠinsertions	 ﾠat	 ﾠadjacent	 ﾠ
codons	 ﾠis	 ﾠnot	 ﾠclear.	 ﾠ
In	 ﾠaddition,	 ﾠI	 ﾠalso	 ﾠscreened	 ﾠfor	 ﾠdominant	 ﾠphenotypes	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠMaterials	 ﾠand	 ﾠ
Methods	 ﾠ(Figure	 ﾠ2-ﾭ‐2B;	 ﾠTable	 ﾠ2-ﾭ‐5B).	 ﾠ	 ﾠOverall,	 ﾠfewer	 ﾠphenotypes	 ﾠwere	 ﾠobserved	 ﾠin	 ﾠ
comparison	 ﾠto	 ﾠthe	 ﾠrecessive	 ﾠphenotypic	 ﾠanalysis.	 ﾠ	 ﾠA	 ﾠcluster	 ﾠof	 ﾠsix	 ﾠmutations	 ﾠwithin	 ﾠthe	 ﾠ
region	 ﾠencoding	 ﾠthe	 ﾠHtH	 ﾠdomain	 ﾠand	 ﾠthree	 ﾠmutations	 ﾠwithin	 ﾠthe	 ﾠregion	 ﾠencoding	 ﾠthe	 ﾠHhH	 ﾠ
domain	 ﾠall	 ﾠcause	 ﾠstrong	 ﾠdominant	 ﾠSpt-ﾭ‐	 ﾠphenotypes.	 ﾠ	 ﾠHowever,	 ﾠas	 ﾠdiscussed	 ﾠbelow,	 ﾠmany	 ﾠof	 ﾠ
the	 ﾠstrong	 ﾠrecessive	 ﾠand	 ﾠdominant	 ﾠphenotypes	 ﾠare	 ﾠnot	 ﾠobserved	 ﾠupon	 ﾠintegration	 ﾠof	 ﾠthese	 ﾠ
mutations	 ﾠinto	 ﾠthe	 ﾠgenome	 ﾠat	 ﾠthe	 ﾠSPT6	 ﾠlocus.	 ﾠ
	 ﾠ
Analysis	 ﾠof	 ﾠspt6	 ﾠInsertion	 ﾠMutations	 ﾠFollowing	 ﾠIntegration	 ﾠ
	 ﾠ For	 ﾠfurther	 ﾠanalyses,	 ﾠseven	 ﾠspt6	 ﾠmutations	 ﾠwere	 ﾠchosen	 ﾠthat	 ﾠeither	 ﾠhad	 ﾠparticularly	 ﾠ
unique	 ﾠand	 ﾠinteresting	 ﾠphenotypes	 ﾠor	 ﾠthat	 ﾠcause	 ﾠone	 ﾠor	 ﾠtwo	 ﾠstrong	 ﾠphenotypes	 ﾠwithout	 ﾠ
being	 ﾠpleiotropic	 ﾠ(Figure	 ﾠ2-ﾭ‐4).	 ﾠ	 ﾠThese	 ﾠmutants	 ﾠwere	 ﾠconsidered	 ﾠmore	 ﾠlikely	 ﾠto	 ﾠimpair	 ﾠ
specific	 ﾠaspects	 ﾠof	 ﾠSpt6	 ﾠfunction	 ﾠrather	 ﾠthan	 ﾠbeing	 ﾠgenerally	 ﾠdefective.	 ﾠ	 ﾠSince	 ﾠthe	 ﾠversion	 ﾠof	 ﾠ






Figure	 ﾠ2-ﾭ4:	 ﾠComparison	 ﾠof	 ﾠphenotypes	 ﾠof	 ﾠcandidate	 ﾠinsertion	 ﾠmutants	 ﾠon	 ﾠplasmids	 ﾠ
versus	 ﾠwhen	 ﾠintegrated.	 ﾠ	 ﾠA.	 ﾠA	 ﾠdiagram	 ﾠof	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠcandidate	 ﾠtransposon	 ﾠ
insertions	 ﾠselected	 ﾠfor	 ﾠintegration	 ﾠinto	 ﾠthe	 ﾠgenomic	 ﾠcopy	 ﾠof	 ﾠthe	 ﾠSPT6	 ﾠgene.	 ﾠ	 ﾠAll	 ﾠare	 ﾠread-ﾭ‐
through	 ﾠalleles	 ﾠand	 ﾠare	 ﾠshown	 ﾠin	 ﾠblue.	 ﾠ	 ﾠB.	 ﾠComparison	 ﾠof	 ﾠthe	 ﾠphenotypes	 ﾠof	 ﾠthe	 ﾠselected	 ﾠ
candidate	 ﾠspt6::Tn7	 ﾠmutants	 ﾠwhen	 ﾠon	 ﾠa	 ﾠplasmid	 ﾠand	 ﾠwhen	 ﾠintegrated	 ﾠin	 ﾠthe	 ﾠyeast	 ﾠgenome.	 ﾠ	 ﾠ
The	 ﾠwell-ﾭ‐characterized	 ﾠspt6-ﾭ1004	 ﾠmutation,	 ﾠwhich	 ﾠis	 ﾠa	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠHhH	 ﾠdomain,	 ﾠis	 ﾠlisted	 ﾠ
for	 ﾠcomparison	 ﾠpurposes.	 ﾠ	 ﾠ“Inconsistent”	 ﾠindicates	 ﾠthat	 ﾠtwo	 ﾠidentical	 ﾠbut	 ﾠindividually	 ﾠ
isolated	 ﾠmutants	 ﾠhad	 ﾠdifferent	 ﾠphenotypes	 ﾠon	 ﾠthe	 ﾠsame	 ﾠspot	 ﾠtest	 ﾠplate	 ﾠ(for	 ﾠexample,	 ﾠone	 ﾠ
was	 ﾠsensitive	 ﾠto	 ﾠphleomycin	 ﾠwhile	 ﾠthe	 ﾠother	 ﾠwas	 ﾠnot).	 ﾠ	 ﾠAll	 ﾠmutants	 ﾠwere	 ﾠconfirmed	 ﾠby	 ﾠ
sequencing	 ﾠthe	 ﾠentire	 ﾠmutant	 ﾠspt6	 ﾠgene,	 ﾠso	 ﾠthe	 ﾠreasons	 ﾠfor	 ﾠthe	 ﾠvariable	 ﾠresults	 ﾠare	 ﾠnot	 ﾠ
understood.	 ﾠ	 ﾠFor	 ﾠtechnical	 ﾠreasons,	 ﾠspt6-ﾭ162	 ﾠcould	 ﾠnot	 ﾠbe	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠgenomic	 ﾠcopy	 ﾠ






Figure	 ﾠ2-ﾭ4:	 ﾠComparison	 ﾠof	 ﾠphenotypes	 ﾠof	 ﾠcandidate	 ﾠinsertion	 ﾠmutants	 ﾠon	 ﾠplasmids	 ﾠ
versus	 ﾠwhen	 ﾠintegrated	 ﾠ(Continued).	 ﾠ
	 ﾠ	 ﾠ 98	 ﾠ
these	 ﾠmutations	 ﾠinto	 ﾠthe	 ﾠgenome,	 ﾠreplacing	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠcopy	 ﾠof	 ﾠSPT6.	 ﾠ	 ﾠThe	 ﾠphenotypes	 ﾠof	 ﾠ
these	 ﾠmutant	 ﾠstrains	 ﾠwere	 ﾠtested	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠintegrated	 ﾠmutations	 ﾠcause	 ﾠ
phenotypes	 ﾠsimilar	 ﾠto	 ﾠwhat	 ﾠwas	 ﾠobserved	 ﾠwhen	 ﾠthey	 ﾠwere	 ﾠplasmid-ﾭ‐borne.	 ﾠ
Surprisingly,	 ﾠthe	 ﾠintegrated	 ﾠmutants	 ﾠshow	 ﾠa	 ﾠvery	 ﾠdifferent	 ﾠspectrum	 ﾠof	 ﾠphenotypes	 ﾠ
(Figure	 ﾠ2-ﾭ‐4B).	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠspt6-ﾭ481	 ﾠand	 ﾠspt6-ﾭ13,	 ﾠwhich	 ﾠon	 ﾠplasmids	 ﾠhad	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠ
cause	 ﾠsensitivity	 ﾠto	 ﾠMMS	 ﾠand	 ﾠphleomycin,	 ﾠrespectively,	 ﾠdid	 ﾠnot	 ﾠcause	 ﾠany	 ﾠstrong	 ﾠphenotype	 ﾠ
when	 ﾠintegrated.	 ﾠ	 ﾠInterestingly,	 ﾠtwo	 ﾠof	 ﾠthe	 ﾠintegrated	 ﾠmutations	 ﾠcause	 ﾠa	 ﾠnumber	 ﾠof	 ﾠ
unexpected	 ﾠphenotypes	 ﾠ(Figure	 ﾠ2-ﾭ‐4).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭ76	 ﾠmutation,	 ﾠwhich	 ﾠcauses	 ﾠsensitivity	 ﾠto	 ﾠ
37°C	 ﾠwhen	 ﾠon	 ﾠa	 ﾠplasmid,	 ﾠcauses	 ﾠslow	 ﾠgrowth,	 ﾠan	 ﾠSpt-ﾭ‐	 ﾠphenotype,	 ﾠand	 ﾠsensitivity	 ﾠto	 ﾠUV	 ﾠ
irradiation,	 ﾠHU,	 ﾠphleomycin,	 ﾠMMS,	 ﾠMPA,	 ﾠand	 ﾠ37°C	 ﾠwhen	 ﾠintegrated.	 ﾠ	 ﾠThe	 ﾠspt6-ﾭ487	 ﾠmutation,	 ﾠ
which	 ﾠcauses	 ﾠresistance	 ﾠto	 ﾠMMS	 ﾠwhen	 ﾠon	 ﾠa	 ﾠplasmid,	 ﾠconfers	 ﾠsensitivity	 ﾠto	 ﾠ37°C,	 ﾠ
phleomycin,	 ﾠand	 ﾠhas	 ﾠan	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠwhen	 ﾠintegrated.	 ﾠ	 ﾠThese	 ﾠtwo	 ﾠmutations	 ﾠare	 ﾠlocated	 ﾠ
in	 ﾠregions	 ﾠof	 ﾠSPT6	 ﾠwith	 ﾠno	 ﾠknown	 ﾠfunction:	 ﾠspt6-ﾭ76	 ﾠis	 ﾠlocated	 ﾠin	 ﾠthe	 ﾠarea	 ﾠencoding	 ﾠthe	 ﾠHtH	 ﾠ
domain	 ﾠwhile	 ﾠspt6-ﾭ487	 ﾠis	 ﾠfound	 ﾠin	 ﾠthe	 ﾠregion	 ﾠencoding	 ﾠthe	 ﾠuncharacterized	 ﾠlinker	 ﾠbetween	 ﾠ
the	 ﾠYqgF	 ﾠhomology	 ﾠdomain	 ﾠand	 ﾠthe	 ﾠHhH	 ﾠdomain.	 ﾠ	 ﾠInterestingly,	 ﾠboth	 ﾠof	 ﾠthese	 ﾠmutants	 ﾠ
differ	 ﾠfrom	 ﾠpreviously	 ﾠisolated	 ﾠspt6	 ﾠmutants	 ﾠ(Kaplan,	 ﾠ2002).	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠneither	 ﾠof	 ﾠthese	 ﾠ
insertion	 ﾠmutations	 ﾠcauses	 ﾠcryptic	 ﾠinitiation.	 ﾠ	 ﾠOverall,	 ﾠit	 ﾠis	 ﾠclear	 ﾠthat	 ﾠthe	 ﾠselected	 ﾠmutants	 ﾠ
behave	 ﾠdifferently	 ﾠwhen	 ﾠintegrated	 ﾠversus	 ﾠwhen	 ﾠover-ﾭ‐expressed	 ﾠon	 ﾠa	 ﾠplasmid.	 ﾠ
	 ﾠ To	 ﾠdetermine	 ﾠif	 ﾠSpt6	 ﾠprotein	 ﾠlevels	 ﾠare	 ﾠaffected	 ﾠin	 ﾠthe	 ﾠmost	 ﾠpleiotropic	 ﾠof	 ﾠthe	 ﾠ
integrated	 ﾠmutants,	 ﾠWestern	 ﾠblot	 ﾠanalysis	 ﾠwas	 ﾠperformed	 ﾠon	 ﾠthe	 ﾠspt6-ﾭ76	 ﾠand	 ﾠspt6-ﾭ487	 ﾠ
mutants.	 ﾠ	 ﾠMy	 ﾠresults	 ﾠ(Figure	 ﾠ2-ﾭ‐5)	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠamount	 ﾠof	 ﾠSpt6	 ﾠprotein	 ﾠpresent	 ﾠin	 ﾠboth	 ﾠ
mutants	 ﾠis	 ﾠgreatly	 ﾠdecreased,	 ﾠas	 ﾠthe	 ﾠSpt6-ﾭ‐76	 ﾠprotein	 ﾠis	 ﾠundetectable	 ﾠby	 ﾠWestern	 ﾠblot,	 ﾠand	 ﾠ	 ﾠ	 ﾠ 99	 ﾠ
	 ﾠ
	 ﾠ
Figure	 ﾠ2-ﾭ5:	 ﾠWestern	 ﾠblot	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠprotein	 ﾠlevels	 ﾠin	 ﾠspt6-ﾭ76	 ﾠand	 ﾠspt6-ﾭ487	 ﾠ
mutants.	 ﾠ	 ﾠThe	 ﾠtop	 ﾠpanel	 ﾠshows	 ﾠa	 ﾠWestern	 ﾠblot	 ﾠprobed	 ﾠwith	 ﾠα-ﾭ‐FLAG	 ﾠantibody	 ﾠto	 ﾠdetermine	 ﾠ
the	 ﾠlevel	 ﾠof	 ﾠFLAG-ﾭ‐tagged	 ﾠSpt6	 ﾠproteins.	 ﾠ	 ﾠThe	 ﾠtop	 ﾠband	 ﾠis	 ﾠFLAG-ﾭ‐tagged	 ﾠSpt6.	 ﾠ	 ﾠThe	 ﾠlower	 ﾠband	 ﾠ
(*)	 ﾠis	 ﾠa	 ﾠnonspecific	 ﾠband	 ﾠthat	 ﾠonly	 ﾠappears	 ﾠin	 ﾠsome	 ﾠlanes	 ﾠfor	 ﾠreasons	 ﾠI	 ﾠdo	 ﾠnot	 ﾠunderstand.	 ﾠ	 ﾠ
The	 ﾠbottom	 ﾠpanel	 ﾠshows	 ﾠthe	 ﾠPgk1	 ﾠloading	 ﾠcontrol.	 ﾠ	 ﾠ 100	 ﾠ
there	 ﾠis	 ﾠa	 ﾠdecreased	 ﾠlevel	 ﾠof	 ﾠSpt6-ﾭ‐487,	 ﾠalthough	 ﾠnot	 ﾠas	 ﾠmuch	 ﾠas	 ﾠthe	 ﾠwell-ﾭ‐studied	 ﾠSpt6-ﾭ‐1004	 ﾠ
mutant	 ﾠprotein	 ﾠ(Kaplan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠmutant	 ﾠphenotypes	 ﾠobserved	 ﾠ
for	 ﾠspt6-ﾭ76	 ﾠand	 ﾠspt6-ﾭ487	 ﾠcorrelates	 ﾠwith	 ﾠtheir	 ﾠSpt6	 ﾠmutant	 ﾠprotein	 ﾠlevels.	 ﾠ	 ﾠOf	 ﾠthe	 ﾠmutants	 ﾠ
analyzed	 ﾠby	 ﾠWestern	 ﾠblot,	 ﾠspt6-ﾭ76	 ﾠhas	 ﾠthe	 ﾠlargest	 ﾠnumber	 ﾠof	 ﾠphenotypes	 ﾠand	 ﾠthe	 ﾠlowest	 ﾠ
level	 ﾠof	 ﾠSpt6	 ﾠprotein.	 ﾠ	 ﾠOverall,	 ﾠthis	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠspt6-ﾭ76	 ﾠand	 ﾠspt6-ﾭ487	 ﾠpleiotropic	 ﾠloss-ﾭ‐
of-ﾭ‐function	 ﾠmutant	 ﾠphenotypes	 ﾠare	 ﾠdue	 ﾠto	 ﾠlow	 ﾠSpt6	 ﾠprotein	 ﾠlevels.	 ﾠ
	 ﾠ Lastly,	 ﾠto	 ﾠfurther	 ﾠaddress	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠphenotypes	 ﾠbetween	 ﾠthe	 ﾠintegrated	 ﾠand	 ﾠ
over-ﾭ‐expressed	 ﾠplasmid-ﾭ‐borne	 ﾠspt6	 ﾠmutants,	 ﾠI	 ﾠattempted	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠoriginal	 ﾠ
phenotypes	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠspt6::Tn7	 ﾠplasmid	 ﾠstrains	 ﾠwere	 ﾠdependent	 ﾠon	 ﾠthe	 ﾠmutant	 ﾠ
plasmid.	 ﾠ	 ﾠUsing	 ﾠa	 ﾠ5-ﾭ‐FOA	 ﾠplasmid	 ﾠshuffle,	 ﾠthe	 ﾠspt6::Tn7	 ﾠplasmid	 ﾠwas	 ﾠremoved	 ﾠfrom	 ﾠthe	 ﾠ
strains	 ﾠused	 ﾠfor	 ﾠthe	 ﾠdominant	 ﾠphenotype	 ﾠanalysis,	 ﾠleaving	 ﾠonly	 ﾠa	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠplasmid.	 ﾠ	 ﾠ
This	 ﾠwas	 ﾠdone	 ﾠfor	 ﾠthe	 ﾠmutants	 ﾠI	 ﾠhad	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠgenomic	 ﾠSPT6	 ﾠlocus	 ﾠ(spt6-ﾭ543,	 ﾠ76,	 ﾠ
481,	 ﾠ162,	 ﾠ487,	 ﾠ19,	 ﾠand	 ﾠ13),	 ﾠa	 ﾠnegative	 ﾠcontrol	 ﾠmutant	 ﾠwith	 ﾠno	 ﾠdetectable	 ﾠphenotype	 ﾠ(spt6-ﾭ
160),	 ﾠand	 ﾠtwo	 ﾠadditional	 ﾠmutants	 ﾠwith	 ﾠinteresting	 ﾠplasmid-ﾭ‐based	 ﾠphenotypes	 ﾠ(spt6-ﾭ101	 ﾠ
and	 ﾠ313).	 ﾠ	 ﾠStrains	 ﾠcontaining	 ﾠeither	 ﾠthe	 ﾠtemplate	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠplasmid	 ﾠ(pMG2)	 ﾠor	 ﾠa	 ﾠ
known	 ﾠspt6	 ﾠmutant	 ﾠplasmid	 ﾠ(pGP26	 ﾠcontaining	 ﾠspt6-ﾭ140;	 ﾠTable	 ﾠ2-ﾭ‐1)	 ﾠwere	 ﾠalso	 ﾠtested	 ﾠas	 ﾠ
negative	 ﾠand	 ﾠpositive	 ﾠcontrols,	 ﾠrespectively.	 ﾠ	 ﾠI	 ﾠthen	 ﾠanalyzed	 ﾠthe	 ﾠresulting	 ﾠstrains	 ﾠby	 ﾠspot	 ﾠ
tests.	 ﾠ	 ﾠIf	 ﾠthe	 ﾠstrains	 ﾠlost	 ﾠtheir	 ﾠmutant	 ﾠphenotypes	 ﾠafter	 ﾠloss	 ﾠof	 ﾠthe	 ﾠmutant	 ﾠspt6::Tn7	 ﾠplasmid,	 ﾠ
it	 ﾠwould	 ﾠsuggest	 ﾠthat	 ﾠthese	 ﾠphenotypes	 ﾠwere	 ﾠin	 ﾠfact	 ﾠdependent	 ﾠon	 ﾠthe	 ﾠmutant	 ﾠplasmid.	 ﾠ	 ﾠ
This	 ﾠis	 ﾠwhat	 ﾠI	 ﾠobserved	 ﾠin	 ﾠall	 ﾠcases,	 ﾠwith	 ﾠthe	 ﾠexception	 ﾠof	 ﾠthe	 ﾠstrong	 ﾠUV-ﾭ‐sensitive	 ﾠ
phenotype	 ﾠof	 ﾠspt6-ﾭ543.	 ﾠ	 ﾠThis	 ﾠphenotype	 ﾠremained	 ﾠafter	 ﾠloss	 ﾠof	 ﾠthe	 ﾠmutant	 ﾠplasmid,	 ﾠ
suggesting	 ﾠthat	 ﾠthis	 ﾠphenotype	 ﾠis	 ﾠlikely	 ﾠcaused	 ﾠby	 ﾠsome	 ﾠmutation	 ﾠelsewhere	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠ
However,	 ﾠin	 ﾠgeneral,	 ﾠit	 ﾠappears	 ﾠthat	 ﾠthe	 ﾠphenotypic	 ﾠdiscrepancy	 ﾠbetween	 ﾠthe	 ﾠintegrated	 ﾠ	 ﾠ 101	 ﾠ
and	 ﾠplasmid-ﾭ‐based	 ﾠmutants	 ﾠcannot	 ﾠbe	 ﾠexplained	 ﾠby	 ﾠfactors	 ﾠindependent	 ﾠof	 ﾠthe	 ﾠspt6::Tn7	 ﾠ
plasmids.	 ﾠ	 ﾠThis	 ﾠanalysis	 ﾠwas	 ﾠnot	 ﾠdone	 ﾠfor	 ﾠthe	 ﾠstrains	 ﾠused	 ﾠfor	 ﾠthe	 ﾠrecessive	 ﾠphenotype	 ﾠ
analysis.	 ﾠ
	 ﾠ In	 ﾠconclusion,	 ﾠthe	 ﾠinsertion	 ﾠmutations	 ﾠcause	 ﾠa	 ﾠvariety	 ﾠof	 ﾠdominant	 ﾠand	 ﾠrecessive	 ﾠ
phenotypes	 ﾠwhen	 ﾠover-ﾭ‐expressed	 ﾠon	 ﾠplasmids.	 ﾠ	 ﾠHowever,	 ﾠthese	 ﾠmutations	 ﾠcause	 ﾠlittle	 ﾠor	 ﾠno	 ﾠ
phenotype	 ﾠwhen	 ﾠintegrated.	 ﾠ	 ﾠIn	 ﾠgeneral,	 ﾠno	 ﾠclustering	 ﾠof	 ﾠphenotypes	 ﾠwas	 ﾠobserved.	 ﾠ	 ﾠTwo	 ﾠ
integrated	 ﾠmutations	 ﾠ(spt6-ﾭ76	 ﾠand	 ﾠspt6-ﾭ487)	 ﾠcause	 ﾠinteresting	 ﾠphenotypes	 ﾠand	 ﾠdecreased	 ﾠ
Spt6	 ﾠprotein	 ﾠlevels	 ﾠand	 ﾠare	 ﾠcandidates	 ﾠfor	 ﾠfurther	 ﾠstudy.	 ﾠ	 ﾠHowever,	 ﾠtheir	 ﾠphenotypes	 ﾠare	 ﾠ
similar	 ﾠto	 ﾠpreviously	 ﾠwell-ﾭ‐characterized	 ﾠspt6	 ﾠmutants	 ﾠ(for	 ﾠexample,	 ﾠspt6-ﾭ1004),	 ﾠand	 ﾠ
therefore	 ﾠno	 ﾠfurther	 ﾠwork	 ﾠwas	 ﾠdone	 ﾠon	 ﾠthem	 ﾠat	 ﾠthis	 ﾠtime.	 ﾠ	 ﾠ	 ﾠ
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Analysis	 ﾠof	 ﾠSH2	 ﾠTruncation	 ﾠMutants	 ﾠ
	 ﾠ As	 ﾠa	 ﾠmore	 ﾠdirected	 ﾠapproach	 ﾠto	 ﾠperform	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6,	 ﾠI	 ﾠsought	 ﾠ
to	 ﾠunderstand	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠ
done	 ﾠin	 ﾠa	 ﾠcollaborative	 ﾠproject	 ﾠwith	 ﾠMarie-ﾭ‐Laure	 ﾠDiebold	 ﾠand	 ﾠChristophe	 ﾠRomier	 ﾠ(Diebold	 ﾠ
et	 ﾠal.,	 ﾠ2010b).	 ﾠ	 ﾠTo	 ﾠstudy	 ﾠthe	 ﾠrequirement	 ﾠfor	 ﾠthe	 ﾠSpt6	 ﾠSH2	 ﾠdomains,	 ﾠyeast	 ﾠstrains	 ﾠcontaining	 ﾠ
three	 ﾠalleles	 ﾠ(SPT6::TAP,	 ﾠspt6-ﾭΔTandem::TAP,	 ﾠand	 ﾠspt6-ﾭΔSH22::TAP)	 ﾠwere	 ﾠconstructed	 ﾠas	 ﾠ
described	 ﾠin	 ﾠMaterials	 ﾠand	 ﾠMethods.	 ﾠ	 ﾠThese	 ﾠthree	 ﾠalleles	 ﾠall	 ﾠadd	 ﾠa	 ﾠTAP	 ﾠepitope	 ﾠtag	 ﾠto	 ﾠSpt6	 ﾠ
and	 ﾠalso	 ﾠresult	 ﾠin	 ﾠthe	 ﾠdeletion	 ﾠof	 ﾠeither	 ﾠno	 ﾠSpt6	 ﾠsequence,	 ﾠboth	 ﾠSH2	 ﾠdomains,	 ﾠor	 ﾠthe	 ﾠC-ﾭ‐
terminal	 ﾠSH2	 ﾠdomain,	 ﾠrespectively.	 ﾠ
To	 ﾠtest	 ﾠthe	 ﾠin	 ﾠvivo	 ﾠrequirement	 ﾠfor	 ﾠthe	 ﾠSH2	 ﾠdomains,	 ﾠthorough	 ﾠphenotypic	 ﾠanalysis	 ﾠ
of	 ﾠthese	 ﾠtruncation	 ﾠmutants	 ﾠwas	 ﾠperformed.	 ﾠ	 ﾠHaploids	 ﾠcontaining	 ﾠspt6-ﾭΔTandem::TAP	 ﾠor	 ﾠ	 ﾠ	 ﾠ 102	 ﾠ
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Figure	 ﾠ2-ﾭ6:	 ﾠTetrad	 ﾠanalysis	 ﾠof	 ﾠSH2	 ﾠdeletion	 ﾠmutants.	 ﾠ	 ﾠTetrad	 ﾠdissection	 ﾠfrom	 ﾠa	 ﾠdiploid	 ﾠ
yeast	 ﾠheterozygous	 ﾠfor	 ﾠeither	 ﾠSPT6::TAP,	 ﾠspt6-ﾭΔTandem::TAP,	 ﾠor	 ﾠspt6-ﾭΔSH22::TAP.	 ﾠ	 ﾠEach	 ﾠ
column	 ﾠof	 ﾠfour	 ﾠcolonies	 ﾠrepresents	 ﾠthe	 ﾠfour	 ﾠprogeny	 ﾠof	 ﾠa	 ﾠsingle	 ﾠtetrad.	 ﾠ	 ﾠShown	 ﾠare	 ﾠthe	 ﾠ
tetrad	 ﾠdissection	 ﾠplates	 ﾠafter	 ﾠincubation	 ﾠat	 ﾠ30°C	 ﾠfor	 ﾠeither	 ﾠthree	 ﾠdays	 ﾠ(SPT6::TAP)	 ﾠor	 ﾠfive	 ﾠ
days	 ﾠ(spt6-ﾭΔTandem::TAP	 ﾠand	 ﾠspt6-ﾭΔSH22::TAP).	 ﾠ	 ﾠFor	 ﾠspt6-ﾭΔTandem::TAP	 ﾠand	 ﾠspt6-ﾭ
ΔSH22::TAP	 ﾠmutants,	 ﾠall	 ﾠprogeny	 ﾠcontaining	 ﾠthe	 ﾠtruncations	 ﾠare	 ﾠslow-ﾭ‐growing,	 ﾠindicating	 ﾠ
that	 ﾠspt6-ﾭΔTandem::TAP	 ﾠand	 ﾠspt6-ﾭΔSH22::TAP	 ﾠcause	 ﾠa	 ﾠsevere	 ﾠgrowth	 ﾠdefect.	 ﾠ	 ﾠ 103	 ﾠ
spt6-ﾭΔSH22::TAP	 ﾠare	 ﾠviable	 ﾠbut	 ﾠgrow	 ﾠmuch	 ﾠslower	 ﾠthan	 ﾠwild	 ﾠtype	 ﾠ(Figure	 ﾠ2-ﾭ‐6).	 ﾠ	 ﾠThirteen	 ﾠ
complete	 ﾠtetrads	 ﾠwere	 ﾠanalyzed	 ﾠfor	 ﾠeach	 ﾠmutant,	 ﾠwith	 ﾠtetrad	 ﾠsize	 ﾠand	 ﾠthe	 ﾠSH2	 ﾠdeletion	 ﾠco-ﾭ‐
segregating	 ﾠin	 ﾠall	 ﾠcases	 ﾠexcept	 ﾠfor	 ﾠone	 ﾠwild-ﾭ‐type	 ﾠtetrad	 ﾠspore	 ﾠthat	 ﾠgrew	 ﾠpoorly,	 ﾠlikely	 ﾠ
because	 ﾠit	 ﾠbecame	 ﾠpetite.	 ﾠ
In	 ﾠaddition	 ﾠto	 ﾠpoor	 ﾠgrowth,	 ﾠthese	 ﾠtruncation	 ﾠmutants	 ﾠalso	 ﾠhave	 ﾠa	 ﾠnumber	 ﾠof	 ﾠother	 ﾠ
phenotypes	 ﾠincluding	 ﾠSpt-ﾭ‐,	 ﾠTs-ﾭ‐,	 ﾠCs-ﾭ‐,	 ﾠcryptic	 ﾠinitiation,	 ﾠHUs,	 ﾠPhleos,	 ﾠMMSs	 ﾠ(not	 ﾠshown),	 ﾠand	 ﾠ
Cafs	 ﾠ(Figure	 ﾠ2-ﾭ‐7).	 ﾠ	 ﾠOverall,	 ﾠthese	 ﾠtwo	 ﾠmutants	 ﾠare	 ﾠvery	 ﾠsimilar	 ﾠin	 ﾠtheir	 ﾠphenotypes.	 ﾠ	 ﾠThe	 ﾠ
only	 ﾠdetectable	 ﾠdifference	 ﾠbetween	 ﾠthem	 ﾠis	 ﾠthat	 ﾠspt6-ﾭΔSH22::TAP	 ﾠgrows	 ﾠslightly	 ﾠfaster	 ﾠthan	 ﾠ
spt6-ﾭΔTandem::TAP	 ﾠ(Figure	 ﾠ2-ﾭ‐6).	 ﾠ	 ﾠA	 ﾠpossible	 ﾠexplanation	 ﾠfor	 ﾠthis	 ﾠis	 ﾠthat	 ﾠthe	 ﾠremaining	 ﾠSH2	 ﾠ
domain	 ﾠin	 ﾠspt6-ﾭΔSH22::TAP	 ﾠmakes	 ﾠa	 ﾠmodest	 ﾠcontribution	 ﾠto	 ﾠgrowth.	 ﾠ
To	 ﾠtest	 ﾠwhether	 ﾠthese	 ﾠphenotypes	 ﾠmight	 ﾠbe	 ﾠcaused	 ﾠby	 ﾠreduced	 ﾠSpt6	 ﾠprotein	 ﾠlevels,	 ﾠ
Western	 ﾠblot	 ﾠanalysis	 ﾠwas	 ﾠperformed	 ﾠon	 ﾠdiploid	 ﾠstrains	 ﾠthat	 ﾠare	 ﾠheterozygous	 ﾠfor	 ﾠwild-ﾭ‐type	 ﾠ
SPT6	 ﾠand	 ﾠone	 ﾠof	 ﾠthe	 ﾠtruncation	 ﾠmutants.	 ﾠ	 ﾠMy	 ﾠresults	 ﾠshow	 ﾠthat	 ﾠSpt6	 ﾠprotein	 ﾠis	 ﾠproduced	 ﾠat	 ﾠ
approximately	 ﾠwild-ﾭ‐type	 ﾠlevels	 ﾠin	 ﾠboth	 ﾠtruncation	 ﾠmutants	 ﾠ(Figure	 ﾠ2-ﾭ‐8).	 ﾠ	 ﾠTaken	 ﾠtogether,	 ﾠ
these	 ﾠresults	 ﾠshow	 ﾠthat	 ﾠloss	 ﾠof	 ﾠeither	 ﾠboth	 ﾠSH2	 ﾠdomains	 ﾠor	 ﾠonly	 ﾠthe	 ﾠSH22	 ﾠdomain	 ﾠseverely	 ﾠ
affects	 ﾠSpt6	 ﾠfunction	 ﾠin	 ﾠvivo	 ﾠwithout	 ﾠaffecting	 ﾠSpt6	 ﾠprotein	 ﾠlevels.	 ﾠ	 ﾠ	 ﾠ
To	 ﾠtest	 ﾠfor	 ﾠdirect	 ﾠinteractions	 ﾠbetween	 ﾠthe	 ﾠSpt6	 ﾠSH2	 ﾠdomains	 ﾠand	 ﾠthe	 ﾠRNAPII	 ﾠC-ﾭ‐
terminal	 ﾠdomain	 ﾠ(CTD),	 ﾠour	 ﾠcollaborators	 ﾠperformed	 ﾠGST	 ﾠpull-ﾭ‐down	 ﾠstudies.	 ﾠ	 ﾠTheir	 ﾠresults	 ﾠ
demonstrated	 ﾠthat	 ﾠboth	 ﾠSH2	 ﾠdomains	 ﾠare	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠRNAPII	 ﾠCTD	 ﾠbinding	 ﾠ
in	 ﾠvitro	 ﾠ(Figure	 ﾠ2-ﾭ‐9A)	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ	 ﾠMutating	 ﾠthe	 ﾠcodons	 ﾠencoding	 ﾠpredicted	 ﾠ
phosphopeptide-ﾭ‐binding	 ﾠresidues	 ﾠwithin	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠimpairs	 ﾠRNAPII	 ﾠCTD	 ﾠbinding	 ﾠbut	 ﾠ
does	 ﾠnot	 ﾠeliminate	 ﾠit	 ﾠaltogether	 ﾠ(Figure	 ﾠ2-ﾭ‐9A).	 ﾠ	 ﾠThis	 ﾠresult	 ﾠsuggests	 ﾠthat	 ﾠeither	 ﾠthe	 ﾠcrucial	 ﾠ	 ﾠ	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Figure	 ﾠ2-ﾭ7:	 ﾠMutant	 ﾠphenotypes	 ﾠof	 ﾠspt6	 ﾠSH2	 ﾠdeletion	 ﾠmutants.	 ﾠ	 ﾠEach	 ﾠrow	 ﾠshows	 ﾠserial	 ﾠ
dilutions	 ﾠof	 ﾠa	 ﾠyeast	 ﾠstrain	 ﾠcontaining	 ﾠeither	 ﾠuntagged	 ﾠ(SPT6+),	 ﾠwild-ﾭ‐type	 ﾠTAP-ﾭ‐tagged	 ﾠSpt6	 ﾠ
(SPT6::TAP),	 ﾠor	 ﾠthe	 ﾠTAP-ﾭ‐tagged	 ﾠtruncation	 ﾠmutants	 ﾠ(spt6ΔTandem::TAP	 ﾠor	 ﾠspt6ΔSH22::TAP).	 ﾠ	 ﾠ
The	 ﾠstrains	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠsaturation	 ﾠin	 ﾠYPD,	 ﾠserially	 ﾠdiluted	 ﾠ10-ﾭ‐fold,	 ﾠand	 ﾠspotted	 ﾠon	 ﾠthe	 ﾠ
indicated	 ﾠmedia.	 ﾠ	 ﾠPlates	 ﾠwere	 ﾠphotographed	 ﾠafter	 ﾠ6	 ﾠdays	 ﾠof	 ﾠincubation.	 ﾠ	 ﾠAll	 ﾠplates	 ﾠwere	 ﾠ
incubated	 ﾠat	 ﾠ30°C	 ﾠunless	 ﾠotherwise	 ﾠindicated.	 ﾠ	 ﾠThe	 ﾠtruncation	 ﾠalleles	 ﾠare	 ﾠHUs,	 ﾠPhleos,	 ﾠCafs,	 ﾠ
and	 ﾠexhibit	 ﾠcryptic	 ﾠinitiation	 ﾠat	 ﾠthe	 ﾠFLO8-ﾭHIS3	 ﾠreporter	 ﾠ(Cheung	 ﾠet	 ﾠal,	 ﾠ2008).	 ﾠ	 ﾠThey	 ﾠare	 ﾠalso	 ﾠ
Spt-ﾭ‐	 ﾠ(able	 ﾠto	 ﾠgrow	 ﾠon	 ﾠmedium	 ﾠlacking	 ﾠlysine	 ﾠ(SC-ﾭ‐Lys)	 ﾠdespite	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠlys2-ﾭ128δ	 ﾠ
Ty	 ﾠLTR	 ﾠinsertion	 ﾠallele),	 ﾠTs-ﾭ‐	 ﾠat	 ﾠ37°C,	 ﾠand	 ﾠCs-ﾭ‐	 ﾠat	 ﾠ16°C.	 ﾠ(Abbreviations:	 ﾠHU,	 ﾠhydroxyurea)	 ﾠ	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Figure	 ﾠ2-ﾭ8:	 ﾠWestern	 ﾠblot	 ﾠanalysis	 ﾠof	 ﾠSpt6	 ﾠlevels	 ﾠin	 ﾠtruncation	 ﾠmutants.	 ﾠ	 ﾠThe	 ﾠtop	 ﾠpanel	 ﾠ
shows	 ﾠa	 ﾠblot	 ﾠprobed	 ﾠwith	 ﾠanti-ﾭ‐Spt6	 ﾠantibody	 ﾠ(courtesy	 ﾠof	 ﾠLaura	 ﾠMcCollough	 ﾠand	 ﾠTim	 ﾠ
Formosa).	 ﾠ	 ﾠIn	 ﾠthis	 ﾠpanel,	 ﾠin	 ﾠlanes	 ﾠ2,	 ﾠ3,	 ﾠand	 ﾠ4,	 ﾠtwo	 ﾠbands	 ﾠare	 ﾠvisible	 ﾠbecause	 ﾠthe	 ﾠstrains	 ﾠare	 ﾠ
diploid.	 ﾠ	 ﾠThe	 ﾠtop	 ﾠband	 ﾠis	 ﾠthe	 ﾠTAP-ﾭ‐tagged	 ﾠSpt6	 ﾠand	 ﾠthe	 ﾠlower	 ﾠband	 ﾠis	 ﾠuntagged	 ﾠSpt6.	 ﾠ	 ﾠThe	 ﾠ
middle	 ﾠpanel	 ﾠis	 ﾠprobed	 ﾠwith	 ﾠanti-ﾭ‐PAP	 ﾠantibody	 ﾠto	 ﾠdetect	 ﾠonly	 ﾠthe	 ﾠTAP-ﾭ‐tagged	 ﾠmutant	 ﾠSpt6	 ﾠ
proteins,	 ﾠand	 ﾠthe	 ﾠbottom	 ﾠpanel	 ﾠshows	 ﾠthe	 ﾠPgk1	 ﾠloading	 ﾠcontrol.	 ﾠ	 ﾠThe	 ﾠtruncation	 ﾠalleles	 ﾠdo	 ﾠ






Figure	 ﾠ2-ﾭ9:	 ﾠRole	 ﾠof	 ﾠSH2	 ﾠdomains	 ﾠin	 ﾠbinding	 ﾠthe	 ﾠRNAPII	 ﾠCTD	 ﾠand	 ﾠanalysis	 ﾠof	 ﾠ
phosphospecificity	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠtandem	 ﾠSH2	 ﾠregion.	 ﾠ	 ﾠA.	 ﾠGST	 ﾠpull-ﾭ‐downs	 ﾠwere	 ﾠcarried	 ﾠout	 ﾠ
using	 ﾠGST-ﾭ‐fused	 ﾠS.	 ﾠcerevisiae	 ﾠ(sc)	 ﾠSpt6	 ﾠconstructs	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠyeast	 ﾠextract.	 ﾠ	 ﾠBinding	 ﾠ
of	 ﾠthe	 ﾠRNAPII	 ﾠCTD	 ﾠwas	 ﾠmonitored	 ﾠby	 ﾠα-ﾭ‐CTD	 ﾠantibody.	 ﾠ	 ﾠThe	 ﾠyeast	 ﾠextract	 ﾠcontrol	 ﾠloaded	 ﾠ
(lane	 ﾠ1)	 ﾠcorresponds	 ﾠto	 ﾠ0.1	 ﾠμl	 ﾠof	 ﾠextract,	 ﾠwhereas	 ﾠthe	 ﾠquantity	 ﾠloaded	 ﾠafter	 ﾠpull-ﾭ‐down	 ﾠand	 ﾠ
washes	 ﾠcorresponds	 ﾠto	 ﾠthe	 ﾠequivalent	 ﾠof	 ﾠ2.5	 ﾠμl	 ﾠof	 ﾠextract.	 ﾠ	 ﾠCoomassie-ﾭ‐stained	 ﾠsamples	 ﾠ
indicate	 ﾠthe	 ﾠamount	 ﾠof	 ﾠeach	 ﾠGST-ﾭ‐tagged	 ﾠSpt6	 ﾠconstruct	 ﾠin	 ﾠthe	 ﾠinput.	 ﾠ	 ﾠGST	 ﾠpull-ﾭ‐downs	 ﾠwere	 ﾠ
performed	 ﾠon	 ﾠthe	 ﾠyeast	 ﾠSpt6	 ﾠwild-ﾭ‐type	 ﾠtandem	 ﾠSH2	 ﾠdomain	 ﾠ(lane	 ﾠ2),	 ﾠSH21	 ﾠdomain	 ﾠ(lane	 ﾠ3),	 ﾠ
SH22	 ﾠdomain	 ﾠ(lane	 ﾠ4),	 ﾠand	 ﾠmutants	 ﾠof	 ﾠphosphate-ﾭ‐binding	 ﾠresidues	 ﾠfrom	 ﾠboth	 ﾠdomains	 ﾠin	 ﾠ
the	 ﾠcontext	 ﾠof	 ﾠthe	 ﾠentire	 ﾠtandem	 ﾠSH2	 ﾠdomain	 ﾠ(lanes	 ﾠ5–7).	 ﾠ	 ﾠB.	 ﾠAnalysis	 ﾠof	 ﾠphosphospecificity	 ﾠ
using	 ﾠα-ﾭ‐RNAPII	 ﾠCTD	 ﾠSer2P	 ﾠand	 ﾠα-ﾭ‐Ser5P	 ﾠantibodies.	 ﾠ	 ﾠA	 ﾠslight	 ﾠincrease	 ﾠin	 ﾠbinding	 ﾠto	 ﾠthe	 ﾠ
serine	 ﾠ2-ﾭ‐phosphorylated	 ﾠRNAPII	 ﾠCTD	 ﾠwas	 ﾠobserved.	 ﾠ(This	 ﾠfigure	 ﾠis	 ﾠadapted	 ﾠfrom	 ﾠDiebold	 ﾠet	 ﾠ
al.,	 ﾠ2010b)	 ﾠ	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Figure	 ﾠ2-ﾭ9:	 ﾠRole	 ﾠof	 ﾠSH2	 ﾠdomains	 ﾠin	 ﾠbinding	 ﾠthe	 ﾠRNAPII	 ﾠCTD	 ﾠand	 ﾠanalysis	 ﾠof	 ﾠ
phosphospecificity	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠtandem	 ﾠSH2	 ﾠregion	 ﾠ(Continued).	 ﾠ	 ﾠ 108	 ﾠ
residues	 ﾠfor	 ﾠSH2	 ﾠdomain	 ﾠfunction	 ﾠin	 ﾠSpt6	 ﾠhave	 ﾠnot	 ﾠyet	 ﾠbeen	 ﾠidentified	 ﾠor	 ﾠmultiple	 ﾠchanges	 ﾠ
are	 ﾠnecessary	 ﾠto	 ﾠimpair	 ﾠSH2	 ﾠfunction.	 ﾠ	 ﾠAnalysis	 ﾠof	 ﾠphosphospecificity	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠtandem	 ﾠ
SH2	 ﾠregion	 ﾠshows	 ﾠa	 ﾠslight	 ﾠincrease	 ﾠin	 ﾠbinding	 ﾠto	 ﾠserine	 ﾠ2-ﾭ‐phosphorylated	 ﾠRNAPII	 ﾠCTD	 ﾠ
compared	 ﾠto	 ﾠserine	 ﾠ5-ﾭ‐phoshorylated	 ﾠRNAPII	 ﾠCTD	 ﾠ(Figure	 ﾠ2-ﾭ‐9B)	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ	 ﾠIn	 ﾠ
addition,	 ﾠour	 ﾠcollaborators	 ﾠsolved	 ﾠthe	 ﾠstructure	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠin	 ﾠA.	 ﾠ
locustae	 ﾠat	 ﾠ2.2	 ﾠÅ	 ﾠresolution,	 ﾠclearly	 ﾠshowing	 ﾠthe	 ﾠdouble	 ﾠSH2	 ﾠdomain	 ﾠstructure	 ﾠ(Figure	 ﾠ2-ﾭ‐10)	 ﾠ
(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ
In	 ﾠconclusion,	 ﾠspt6	 ﾠmutants	 ﾠlacking	 ﾠa	 ﾠsingle	 ﾠnovel	 ﾠSH2	 ﾠdomain	 ﾠor	 ﾠboth	 ﾠSH2	 ﾠdomains	 ﾠ
have	 ﾠmany	 ﾠsevere	 ﾠphenotypes;	 ﾠhowever,	 ﾠSpt6	 ﾠprotein	 ﾠlevels	 ﾠare	 ﾠunaffected.	 ﾠ	 ﾠOur	 ﾠ
collaborators	 ﾠsolved	 ﾠthe	 ﾠstructure	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠC-ﾭ‐terminal	 ﾠregion	 ﾠand	 ﾠshowed	 ﾠthat	 ﾠthe	 ﾠ
tandem	 ﾠSH2	 ﾠdomains	 ﾠare	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠbinding	 ﾠthe	 ﾠRNAPII	 ﾠCTD	 ﾠin	 ﾠvitro.	 ﾠ	 ﾠLoss	 ﾠ
of	 ﾠthe	 ﾠSpt6-ﾭ‐RNAPII	 ﾠCTD	 ﾠinteraction	 ﾠappears	 ﾠto	 ﾠdrastically	 ﾠimpair	 ﾠSpt6	 ﾠfunction,	 ﾠmost	 ﾠlikely	 ﾠ
by	 ﾠimpairing	 ﾠSpt6	 ﾠrecruitment	 ﾠto	 ﾠchromatin	 ﾠand	 ﾠthe	 ﾠtranscription	 ﾠmachinery.	 ﾠ	 ﾠThis	 ﾠis	 ﾠ
consistent	 ﾠwith	 ﾠrecent	 ﾠChIP-ﾭ‐chip	 ﾠstudies	 ﾠshowing	 ﾠthat	 ﾠan	 ﾠspt6	 ﾠmutant	 ﾠmissing	 ﾠthe	 ﾠregion	 ﾠ
encoding	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠ202	 ﾠamino	 ﾠacids	 ﾠhas	 ﾠreduced	 ﾠrecruitment	 ﾠover	 ﾠORFs	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠ	 ﾠInterestingly,	 ﾠrecruitment	 ﾠof	 ﾠthis	 ﾠmutant	 ﾠis	 ﾠnot	 ﾠtotally	 ﾠabolished,	 ﾠsuggesting	 ﾠan	 ﾠ
RNAPII-ﾭ‐CTD-ﾭ‐independent	 ﾠmechanism	 ﾠof	 ﾠSpt6	 ﾠrecruitment	 ﾠto	 ﾠchromatin	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠ	 ﾠAlthough	 ﾠthe	 ﾠfull	 ﾠstory	 ﾠis	 ﾠundoubtedly	 ﾠmore	 ﾠcomplex,	 ﾠour	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠboth	 ﾠ
SH2	 ﾠdomains	 ﾠmodulate	 ﾠthe	 ﾠSpt6-ﾭ‐RNAPII-ﾭ‐CTD	 ﾠinteraction,	 ﾠwhich	 ﾠis	 ﾠcrucial	 ﾠfor	 ﾠSpt6	 ﾠfunction.	 ﾠ	 ﾠ
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Analysis	 ﾠof	 ﾠSpn1-ﾭbinding	 ﾠSite	 ﾠMutants	 ﾠ
As	 ﾠa	 ﾠsecond	 ﾠfocused	 ﾠanalysis	 ﾠof	 ﾠa	 ﾠspecific	 ﾠSpt6	 ﾠdomain,	 ﾠI	 ﾠstudied	 ﾠthe	 ﾠinteraction	 ﾠ
between	 ﾠSpt6	 ﾠand	 ﾠits	 ﾠconserved	 ﾠbinding	 ﾠpartner,	 ﾠSpn1/Iws1.	 ﾠ	 ﾠThis	 ﾠwork	 ﾠwas	 ﾠalso	 ﾠdone	 ﾠin	 ﾠ	 ﾠ	 ﾠ 109	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Figure	 ﾠ2-ﾭ10:	 ﾠStructure	 ﾠof	 ﾠthe	 ﾠconserved	 ﾠC-ﾭterminal	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠA.	 ﾠlocustae.	 ﾠ	 ﾠA	 ﾠ
ribbon	 ﾠrepresentation	 ﾠof	 ﾠthe	 ﾠA.	 ﾠlocustae	 ﾠSpt6	 ﾠtandem	 ﾠSH2	 ﾠstructure	 ﾠcrystallized	 ﾠby	 ﾠour	 ﾠ
collaborators	 ﾠat	 ﾠ2.2	 ﾠÅ	 ﾠresolution.	 ﾠ	 ﾠα-ﾭ‐helices	 ﾠare	 ﾠcolored	 ﾠin	 ﾠred,	 ﾠβ-ﾭ‐strands	 ﾠin	 ﾠblue,	 ﾠand	 ﾠloops	 ﾠ
in	 ﾠyellow.	 ﾠ	 ﾠThe	 ﾠputative	 ﾠphosphoresidue-ﾭ‐binding	 ﾠpockets	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠSH2	 ﾠdomains	 ﾠare	 ﾠeach	 ﾠ
marked	 ﾠwith	 ﾠan	 ﾠasterisk	 ﾠ(*).	 ﾠ	 ﾠSecondary	 ﾠstructural	 ﾠelements	 ﾠare	 ﾠlabeled	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠ
common	 ﾠSH2	 ﾠnomenclature	 ﾠ(Kuriyan	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠAll	 ﾠstructural	 ﾠfigures	 ﾠwere	 ﾠcreated	 ﾠwith	 ﾠ
PyMOL	 ﾠ(Delano	 ﾠScientific).	 ﾠ	 ﾠThe	 ﾠportion	 ﾠof	 ﾠSpt6	 ﾠcrystallized	 ﾠis	 ﾠindicated	 ﾠby	 ﾠthe	 ﾠdashed	 ﾠbox	 ﾠ
on	 ﾠthe	 ﾠcartoon	 ﾠof	 ﾠSpt6	 ﾠabove.	 ﾠ	 ﾠThe	 ﾠnewly	 ﾠdiscovered	 ﾠSH2	 ﾠdomain	 ﾠis	 ﾠSH22.	 ﾠ(This	 ﾠfigure	 ﾠis	 ﾠ
adapted	 ﾠfrom	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b)	 ﾠ	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collaboration	 ﾠwith	 ﾠMarie-ﾭ‐Laure	 ﾠDibold	 ﾠand	 ﾠChristophe	 ﾠRomier	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a).	 ﾠ	 ﾠAs	 ﾠ
previously	 ﾠmentioned,	 ﾠexperiments	 ﾠby	 ﾠour	 ﾠcollaborators	 ﾠsuggested	 ﾠthat	 ﾠan	 ﾠN-ﾭ‐terminal	 ﾠ
region	 ﾠof	 ﾠSpt6	 ﾠ(residues	 ﾠ229-ﾭ‐269)	 ﾠis	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠSpt6-ﾭ‐Spn1	 ﾠbinding	 ﾠin	 ﾠvitro	 ﾠ
in	 ﾠS.	 ﾠcerevisiae	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a).	 ﾠ	 ﾠBased	 ﾠon	 ﾠthis	 ﾠresult,	 ﾠour	 ﾠcollaborators	 ﾠsolved	 ﾠthe	 ﾠ
structure	 ﾠof	 ﾠthis	 ﾠN-ﾭ‐terminal	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠbound	 ﾠto	 ﾠSpn1	 ﾠin	 ﾠE.	 ﾠcuniculi	 ﾠat	 ﾠ1.75	 ﾠÅ	 ﾠresolution	 ﾠ
(Figure	 ﾠ2-ﾭ‐11)	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a).	 ﾠ	 ﾠResults	 ﾠfrom	 ﾠother	 ﾠlabs	 ﾠwere	 ﾠin	 ﾠagreement	 ﾠwith	 ﾠours	 ﾠ
(McDonald	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠPujari	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠClose	 ﾠexamination	 ﾠof	 ﾠthis	 ﾠstructure	 ﾠsuggested	 ﾠa	 ﾠ
number	 ﾠof	 ﾠSpt6	 ﾠamino	 ﾠacids	 ﾠin	 ﾠthe	 ﾠSpn1-ﾭ‐binding	 ﾠpocket	 ﾠthat	 ﾠmight	 ﾠbe	 ﾠrequired	 ﾠfor	 ﾠSpn1	 ﾠ
binding	 ﾠand	 ﾠwhich	 ﾠinspired	 ﾠthe	 ﾠexperiments	 ﾠdescribed	 ﾠbelow.	 ﾠ
By	 ﾠthe	 ﾠmethods	 ﾠdescribed	 ﾠin	 ﾠMaterials	 ﾠand	 ﾠMethods,	 ﾠI	 ﾠcreated	 ﾠstrains	 ﾠcontaining	 ﾠ
spt6	 ﾠmutations	 ﾠthat	 ﾠwere	 ﾠpredicted	 ﾠto	 ﾠimpair	 ﾠinteraction	 ﾠwith	 ﾠSpn1:	 ﾠspt6-ﾭYW,	 ﾠspt6-ﾭIF,	 ﾠand	 ﾠ
spt6-ﾭGG	 ﾠ(Figure	 ﾠ2-ﾭ‐12).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭYW	 ﾠstrain	 ﾠhas	 ﾠthe	 ﾠlargest	 ﾠarray	 ﾠof	 ﾠmutant	 ﾠphenotypes	 ﾠand	 ﾠ
is	 ﾠSpt-ﾭ‐,	 ﾠstrongly	 ﾠTs-ﾭ‐,	 ﾠHUs,	 ﾠand	 ﾠsensitive	 ﾠto	 ﾠDNA	 ﾠdamaging	 ﾠagents	 ﾠ(phleomycin	 ﾠand	 ﾠMMS	 ﾠ
sensitivity)	 ﾠ(Figure	 ﾠ2-ﾭ‐13).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭIF	 ﾠstrain	 ﾠis	 ﾠSpt-ﾭ‐	 ﾠand	 ﾠTs-ﾭ‐	 ﾠwhile	 ﾠthe	 ﾠspt6-ﾭGG	 ﾠstrain	 ﾠis	 ﾠwild	 ﾠ
type	 ﾠfor	 ﾠall	 ﾠphenotypes	 ﾠtested.	 ﾠ	 ﾠThus,	 ﾠthree	 ﾠdifferent	 ﾠdouble	 ﾠmutants	 ﾠpredicted	 ﾠto	 ﾠimpair	 ﾠ
Spt6-ﾭ‐Spn1	 ﾠinteractions	 ﾠhave	 ﾠa	 ﾠrange	 ﾠof	 ﾠphenotypes	 ﾠranging	 ﾠfrom	 ﾠsevere	 ﾠto	 ﾠnon-ﾭ‐detectable.	 ﾠ
Given	 ﾠthe	 ﾠstrong	 ﾠphenotype	 ﾠof	 ﾠspt6-ﾭYW,	 ﾠI	 ﾠdecided	 ﾠto	 ﾠfurther	 ﾠcharacterize	 ﾠit	 ﾠby	 ﾠ
examining	 ﾠeach	 ﾠpoint	 ﾠmutation	 ﾠseparately.	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠsingle	 ﾠpoint	 ﾠmutants,	 ﾠspt6-ﾭY	 ﾠ
and	 ﾠspt6-ﾭW,	 ﾠbehave	 ﾠdifferently	 ﾠfrom	 ﾠspt6-ﾭYW	 ﾠ(Figure	 ﾠ2-ﾭ‐13).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭY	 ﾠmutant	 ﾠis	 ﾠweakly	 ﾠ
Spt-ﾭ‐,	 ﾠwhile	 ﾠspt6-ﾭW	 ﾠgrows	 ﾠpoorly	 ﾠon	 ﾠSC-ﾭ‐His	 ﾠand	 ﾠSC-ﾭ‐Lys	 ﾠplates,	 ﾠreferred	 ﾠto	 ﾠhere	 ﾠas	 ﾠa	 ﾠ“reverse	 ﾠ
Spt-ﾭ‐“	 ﾠphenotype.	 ﾠ	 ﾠTherefore,	 ﾠneither	 ﾠof	 ﾠthese	 ﾠsingle	 ﾠpoint	 ﾠmutants	 ﾠis	 ﾠsolely	 ﾠresponsible	 ﾠfor	 ﾠ














Figure	 ﾠ2-ﾭ11:	 ﾠSpn1-ﾭSpt6	 ﾠN-ﾭterminal	 ﾠregion	 ﾠstructure	 ﾠin	 ﾠE.	 ﾠcuniculi.	 ﾠ	 ﾠRibbon	 ﾠ
representation	 ﾠof	 ﾠthe	 ﾠSpt634-ﾭ‐71/Spn155-ﾭ‐198	 ﾠcrystal	 ﾠstructure	 ﾠsolved	 ﾠby	 ﾠour	 ﾠcollaborators	 ﾠat	 ﾠ
1.75	 ﾠÅ	 ﾠresolution	 ﾠin	 ﾠE.	 ﾠcuniculi.	 ﾠ	 ﾠAll	 ﾠamino	 ﾠacid	 ﾠnumbers	 ﾠwritten	 ﾠas	 ﾠsubscripts	 ﾠrefer	 ﾠto	 ﾠE.	 ﾠ
cuniculi	 ﾠnumbering	 ﾠfor	 ﾠthe	 ﾠrespective	 ﾠproteins.	 ﾠ	 ﾠSpn155-ﾭ‐198	 ﾠis	 ﾠthe	 ﾠconserved	 ﾠregion	 ﾠof	 ﾠE.	 ﾠ
cuniculi	 ﾠSpn1	 ﾠand	 ﾠSpt634-ﾭ‐71	 ﾠis	 ﾠthe	 ﾠregion	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠE.	 ﾠcuniculi	 ﾠSpn1	 ﾠ
binding.	 ﾠ	 ﾠSpn1	 ﾠis	 ﾠshown	 ﾠin	 ﾠred	 ﾠand	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠshown	 ﾠin	 ﾠorange.	 ﾠ	 ﾠThe	 ﾠE.	 ﾠ
cuniculi	 ﾠSpt6	 ﾠresidues	 ﾠcorresponding	 ﾠto	 ﾠS.	 ﾠcerevisiae	 ﾠamino	 ﾠacids	 ﾠI248/F249	 ﾠand	 ﾠ
Y255/W257	 ﾠare	 ﾠindicated	 ﾠby	 ﾠblack	 ﾠboxes.	 ﾠ	 ﾠThese	 ﾠamino	 ﾠacids	 ﾠare	 ﾠlocated	 ﾠwithin	 ﾠthe	 ﾠSpt6-ﾭ‐
Spn1	 ﾠbinding	 ﾠsite,	 ﾠwhich	 ﾠis	 ﾠconsistent	 ﾠwith	 ﾠtheir	 ﾠmutant	 ﾠphenotypes.	 ﾠ(This	 ﾠfigure	 ﾠis	 ﾠadapted	 ﾠ
from	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010a)	 ﾠ	 ﾠ 112	 ﾠ
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Figure	 ﾠ2-ﾭ12:	 ﾠSummary	 ﾠof	 ﾠspt6	 ﾠmutants	 ﾠthat	 ﾠaffect	 ﾠSpt6-ﾭSpn1	 ﾠbinding	 ﾠin	 ﾠE.	 ﾠcuniculi.	 ﾠ	 ﾠ
The	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠaligned	 ﾠamino	 ﾠacid	 ﾠsequence	 ﾠfrom	 ﾠSpt6	 ﾠis	 ﾠshown	 ﾠon	 ﾠthe	 ﾠdiagram	 ﾠof	 ﾠSpt6	 ﾠ
at	 ﾠthe	 ﾠtop.	 ﾠ	 ﾠDarker	 ﾠshading	 ﾠin	 ﾠthe	 ﾠsequence	 ﾠalignment	 ﾠcorrelates	 ﾠwith	 ﾠhigher	 ﾠconservation.	 ﾠ	 ﾠ
The	 ﾠnumbering	 ﾠat	 ﾠthe	 ﾠtop	 ﾠof	 ﾠthe	 ﾠalignment	 ﾠcorresponds	 ﾠto	 ﾠthe	 ﾠamino	 ﾠacid	 ﾠnumbers	 ﾠfor	 ﾠS.	 ﾠ
cerevisiae.	 ﾠ	 ﾠThe	 ﾠE.	 ﾠcuniculi	 ﾠSpt6	 ﾠresidues	 ﾠ53-ﾭ‐71	 ﾠ(underlined	 ﾠin	 ﾠblue	 ﾠunder	 ﾠthe	 ﾠsequence	 ﾠ
alignment)	 ﾠand	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠSpt6	 ﾠresidues	 ﾠ229-ﾭ‐269	 ﾠ(underlined	 ﾠin	 ﾠorange	 ﾠunder	 ﾠthe	 ﾠ
sequence	 ﾠalignment)	 ﾠare	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠSpn1	 ﾠbinding	 ﾠin	 ﾠE.	 ﾠcuniculi	 ﾠand	 ﾠS.	 ﾠ
cerevisiae,	 ﾠrespectively.	 ﾠ	 ﾠThe	 ﾠresidues	 ﾠchanged	 ﾠin	 ﾠthe	 ﾠspt6-ﾭIF,	 ﾠspt6-ﾭGG,	 ﾠspt6-ﾭYW,	 ﾠspt6-ﾭY,	 ﾠand	 ﾠ
spt6-ﾭW	 ﾠmutants	 ﾠare	 ﾠhighlighted	 ﾠin	 ﾠred.	 ﾠ	 ﾠThe	 ﾠE.	 ﾠcuniculi	 ﾠSpt6	 ﾠresidues	 ﾠcrystallized	 ﾠin	 ﾠthe	 ﾠ
structure	 ﾠin	 ﾠFigure	 ﾠ2-ﾭ‐11	 ﾠare	 ﾠunderlined	 ﾠin	 ﾠpurple	 ﾠunder	 ﾠthe	 ﾠsequence	 ﾠalignment.	 ﾠ(This	 ﾠ
figure	 ﾠis	 ﾠadapted	 ﾠfrom	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010a)	 ﾠ
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Figure	 ﾠ2-ﾭ13:	 ﾠPhenotypes	 ﾠof	 ﾠspt6	 ﾠmutants	 ﾠwith	 ﾠamino	 ﾠacid	 ﾠchanges	 ﾠwithin	 ﾠthe	 ﾠSpn1	 ﾠ
binding	 ﾠpocket.	 ﾠ	 ﾠEach	 ﾠrow	 ﾠshows	 ﾠserial	 ﾠdilutions	 ﾠof	 ﾠthe	 ﾠindicated	 ﾠyeast	 ﾠstrains.	 ﾠ	 ﾠThe	 ﾠstrains	 ﾠ
used	 ﾠhad	 ﾠan	 ﾠspt6	 ﾠdeletion	 ﾠcovered	 ﾠby	 ﾠa	 ﾠCEN	 ﾠplasmid	 ﾠcontaining	 ﾠeither	 ﾠFLAG-ﾭ‐tagged	 ﾠwild-ﾭ‐
type	 ﾠ(WT)	 ﾠSPT6	 ﾠ(yEL89),	 ﾠspt6-ﾭ50	 ﾠ(yEL90),	 ﾠspt6-ﾭYW	 ﾠ(yEL91),	 ﾠspt6-ﾭY	 ﾠ(yEL92),	 ﾠspt6-ﾭW	 ﾠ
(yEL93),	 ﾠspt6-ﾭIF	 ﾠ(yEL95),	 ﾠor	 ﾠspt6-ﾭGG	 ﾠ(yEL96).	 ﾠ	 ﾠThe	 ﾠstrains	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠsaturation	 ﾠin	 ﾠYPD,	 ﾠ
serially	 ﾠdiluted	 ﾠ10-ﾭ‐fold,	 ﾠand	 ﾠspotted	 ﾠon	 ﾠthe	 ﾠindicated	 ﾠmedia.	 ﾠ	 ﾠStrain	 ﾠyEL90	 ﾠ(containing	 ﾠspt6-ﾭ
50,	 ﾠa	 ﾠwell-ﾭ‐characterized	 ﾠC-ﾭ‐terminal	 ﾠtruncation	 ﾠmutant)	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠpositive	 ﾠcontrol.	 ﾠ
(Abbreviations:	 ﾠTs-ﾭ‐,	 ﾠtemperature	 ﾠsensitivity	 ﾠat	 ﾠ37°C;	 ﾠSpt-ﾭ‐,	 ﾠable	 ﾠto	 ﾠgrow	 ﾠon	 ﾠmedium	 ﾠlacking	 ﾠ
lysine	 ﾠ(SC-ﾭ‐Lys)	 ﾠdespite	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠlys2-ﾭ128δ	 ﾠinsertion	 ﾠallele;	 ﾠHUS,	 ﾠsensitive	 ﾠto	 ﾠ
hydroxyurea)	 ﾠ	 ﾠ 114	 ﾠ
versus	 ﾠwhen	 ﾠcombined.	 ﾠ	 ﾠAltogether,	 ﾠthese	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠresidues	 ﾠI248/F249	 ﾠand	 ﾠ
Y255/W257	 ﾠare	 ﾠimportant	 ﾠfor	 ﾠSpt6	 ﾠfunction.	 ﾠ
To	 ﾠtest	 ﾠwhether	 ﾠthese	 ﾠmutations	 ﾠimpair	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteractions,	 ﾠI	 ﾠperformed	 ﾠco-ﾭ‐IP	 ﾠ
experiments.	 ﾠ	 ﾠMy	 ﾠresults	 ﾠ(Figure	 ﾠ2-ﾭ‐14)	 ﾠsuggest	 ﾠthat	 ﾠSpt6-ﾭ‐Spn1	 ﾠbinding	 ﾠis	 ﾠdecreased	 ﾠin	 ﾠthe	 ﾠ
spt6-ﾭIF,	 ﾠspt6-ﾭGG,	 ﾠand	 ﾠspt6-ﾭYW	 ﾠmutants.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠspt6-ﾭY	 ﾠand	 ﾠspt6-ﾭW	 ﾠmutants,	 ﾠthe	 ﾠresults	 ﾠwere	 ﾠ
variable	 ﾠover	 ﾠmultiple	 ﾠexperiments	 ﾠ(not	 ﾠshown)	 ﾠand	 ﾠno	 ﾠconclusion	 ﾠabout	 ﾠtheir	 ﾠeffect	 ﾠon	 ﾠ
Spt6-ﾭ‐Spn1	 ﾠbinding	 ﾠcan	 ﾠbe	 ﾠdrawn	 ﾠat	 ﾠthis	 ﾠtime.	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠspt6-ﾭGG	 ﾠmutant,	 ﾠwhich	 ﾠ
exhibits	 ﾠno	 ﾠmutant	 ﾠphenotypes,	 ﾠappears	 ﾠto	 ﾠimpair	 ﾠSpt6-ﾭ‐Spn1	 ﾠbinding	 ﾠ(discussed	 ﾠbelow).	 ﾠ	 ﾠ
Overall,	 ﾠthese	 ﾠresults	 ﾠare	 ﾠconsistent	 ﾠwith	 ﾠstructural	 ﾠdata	 ﾠshowing	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠ
I248/F249,	 ﾠY255/W257,	 ﾠand	 ﾠG250/G252	 ﾠin	 ﾠbinding	 ﾠto	 ﾠSpn1.	 ﾠ
In	 ﾠconclusion,	 ﾠthrough	 ﾠthis	 ﾠcollaboration,	 ﾠI	 ﾠhave	 ﾠidentified	 ﾠa	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠrequired	 ﾠ
for	 ﾠSpt6-ﾭ‐Spn1	 ﾠbinding.	 ﾠ	 ﾠMutations	 ﾠin	 ﾠthis	 ﾠregion	 ﾠaffect	 ﾠSpt6	 ﾠfunction	 ﾠin	 ﾠvivo	 ﾠwith	 ﾠspt6-ﾭYW	 ﾠ
causing	 ﾠthe	 ﾠmost	 ﾠsevere	 ﾠset	 ﾠof	 ﾠphenotypes.	 ﾠ	 ﾠSeveral	 ﾠof	 ﾠthese	 ﾠmutations	 ﾠappear	 ﾠto	 ﾠcause	 ﾠ
reduced	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteraction	 ﾠby	 ﾠco-ﾭ‐IP.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠour	 ﾠcollaborators	 ﾠsolved	 ﾠthe	 ﾠstructure	 ﾠ
of	 ﾠthis	 ﾠSpt6	 ﾠregion	 ﾠbound	 ﾠto	 ﾠSpn1,	 ﾠand	 ﾠour	 ﾠin	 ﾠvivo	 ﾠdata	 ﾠis	 ﾠoverall	 ﾠconsistent	 ﾠwith	 ﾠthis	 ﾠ
structure.	 ﾠ	 ﾠAltogether	 ﾠthese	 ﾠexperiments	 ﾠnicely	 ﾠindicate	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠstructure	 ﾠ
and	 ﾠfunction	 ﾠin	 ﾠthis	 ﾠSpn1-ﾭ‐binding	 ﾠN-ﾭ‐terminal	 ﾠregion	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThis	 ﾠwork	 ﾠpaves	 ﾠthe	 ﾠway	 ﾠfor	 ﾠ











Figure	 ﾠ2-ﾭ14:	 ﾠCo-ﾭimmunoprecipitation	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠpoint	 ﾠmutations	 ﾠin	 ﾠSpt6	 ﾠ
on	 ﾠSpt6-ﾭSpn1	 ﾠbinding.	 ﾠ	 ﾠCell	 ﾠlysates	 ﾠwere	 ﾠprepared	 ﾠfrom	 ﾠstrains	 ﾠcontaining	 ﾠeither	 ﾠwild-ﾭ‐
type	 ﾠSpt6,	 ﾠFLAG-ﾭ‐tagged	 ﾠSpt6,	 ﾠSpt6-ﾭ‐IF,	 ﾠSpt6-ﾭ‐GG,	 ﾠSpt6-ﾭ‐YW,	 ﾠSpt6-ﾭ‐Y,	 ﾠor	 ﾠSpt6-ﾭ‐W.	 ﾠ	 ﾠAfter	 ﾠpull-ﾭ‐
down	 ﾠwith	 ﾠα-ﾭ‐FLAG	 ﾠantibody	 ﾠcoupled	 ﾠto	 ﾠProtein	 ﾠG	 ﾠbeads,	 ﾠsamples	 ﾠwere	 ﾠprobed	 ﾠfor	 ﾠthe	 ﾠ
presence	 ﾠof	 ﾠSpt6	 ﾠ(α-ﾭ‐FLAG	 ﾠantibody)	 ﾠand	 ﾠSpn1	 ﾠ(α-ﾭ‐Spn1	 ﾠantibody,	 ﾠcourtesy	 ﾠof	 ﾠCatherine	 ﾠ
Radebaugh	 ﾠand	 ﾠLaurie	 ﾠStargell).	 ﾠ	 ﾠInput	 ﾠcell	 ﾠlysates	 ﾠand	 ﾠimmunoprecipitated	 ﾠ(IP)	 ﾠsamples	 ﾠ
are	 ﾠshown.	 ﾠ	 ﾠA	 ﾠnonspecific	 ﾠband	 ﾠin	 ﾠthe	 ﾠIP	 ﾠis	 ﾠmarked	 ﾠby	 ﾠan	 ﾠasterisk	 ﾠ(*).	 ﾠ	 ﾠThe	 ﾠlower	 ﾠband	 ﾠin	 ﾠthe	 ﾠ
IP	 ﾠis	 ﾠSpn1.	 ﾠ	 ﾠSpn1	 ﾠbinding	 ﾠis	 ﾠconsistently	 ﾠdecreased	 ﾠin	 ﾠspt6-ﾭIF,	 ﾠGG,	 ﾠand	 ﾠYW.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠspt6-ﾭY	 ﾠ
and	 ﾠspt6-ﾭW	 ﾠmutants,	 ﾠthe	 ﾠresults	 ﾠwere	 ﾠvariable	 ﾠover	 ﾠmultiple	 ﾠexperiments	 ﾠ(not	 ﾠshown)	 ﾠand	 ﾠ
no	 ﾠconclusion	 ﾠabout	 ﾠtheir	 ﾠeffect	 ﾠon	 ﾠSpt6-ﾭ‐Spn1	 ﾠbinding	 ﾠcan	 ﾠbe	 ﾠdrawn	 ﾠat	 ﾠthis	 ﾠtime.	 ﾠ	 ﾠThe	 ﾠSpn1	 ﾠ
inputs	 ﾠfor	 ﾠspt6-ﾭIF	 ﾠand	 ﾠspt6-ﾭGG	 ﾠare	 ﾠlower	 ﾠthan	 ﾠwild-ﾭ‐type	 ﾠcontrols	 ﾠin	 ﾠthis	 ﾠexperiment	 ﾠwhich	 ﾠ
should	 ﾠbe	 ﾠtaken	 ﾠinto	 ﾠaccount	 ﾠwhen	 ﾠinterpreting	 ﾠthe	 ﾠresults.	 ﾠ
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Discussion	 ﾠ
	 ﾠ
In	 ﾠthis	 ﾠchapter,	 ﾠI	 ﾠcharacterized	 ﾠthree	 ﾠclasses	 ﾠof	 ﾠspt6	 ﾠmutants.	 ﾠ	 ﾠFirst,	 ﾠI	 ﾠcreated	 ﾠa	 ﾠ
library	 ﾠof	 ﾠsixty-ﾭ‐seven	 ﾠspt6	 ﾠinsertion	 ﾠmutants.	 ﾠ	 ﾠThese	 ﾠinsertions	 ﾠare	 ﾠlocated	 ﾠthroughout	 ﾠthe	 ﾠ
SPT6	 ﾠcoding	 ﾠregion	 ﾠand	 ﾠexhibit	 ﾠmany	 ﾠdiverse	 ﾠphenotypes	 ﾠwhen	 ﾠover-ﾭ‐expressed	 ﾠon	 ﾠ
plasmids.	 ﾠ	 ﾠSurprisingly,	 ﾠwhen	 ﾠa	 ﾠsubset	 ﾠof	 ﾠthese	 ﾠmutants	 ﾠwere	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠgenome,	 ﾠ
replacing	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠgene,	 ﾠmost	 ﾠof	 ﾠthem	 ﾠcaused	 ﾠonly	 ﾠmodest	 ﾠphenotypes	 ﾠdespite	 ﾠ
having	 ﾠinsertions	 ﾠin	 ﾠpredicted	 ﾠdomains	 ﾠof	 ﾠSpt6	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠJohnson	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ
Two	 ﾠof	 ﾠthe	 ﾠintegrated	 ﾠmutants	 ﾠshow	 ﾠstrong	 ﾠpleiotropic	 ﾠphenotypes	 ﾠsimilar	 ﾠto	 ﾠa	 ﾠ
previously-ﾭ‐characterized	 ﾠmutant,	 ﾠspt6-ﾭ1004	 ﾠ(Cheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠKaplan,	 ﾠ2002;	 ﾠKaplan	 ﾠet	 ﾠ
al.,	 ﾠ2005;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠThis	 ﾠis	 ﾠintriguing	 ﾠgiven	 ﾠthat	 ﾠthese	 ﾠtwo	 ﾠinsertion	 ﾠmutants	 ﾠare	 ﾠ
located	 ﾠin	 ﾠregions	 ﾠencoding	 ﾠthe	 ﾠHtH	 ﾠdomain	 ﾠand	 ﾠa	 ﾠlinker	 ﾠregion;	 ﾠdifferent	 ﾠlocations	 ﾠthan	 ﾠ
the	 ﾠHhH	 ﾠdeletion	 ﾠof	 ﾠspt6-ﾭ1004.	 ﾠ	 ﾠThese	 ﾠthree	 ﾠmutants	 ﾠ(spt6-ﾭ76,	 ﾠspt6-ﾭ487,	 ﾠand	 ﾠspt6-ﾭ1004)	 ﾠall	 ﾠ
express	 ﾠreduced	 ﾠlevels	 ﾠof	 ﾠSpt6	 ﾠmutant	 ﾠprotein;	 ﾠtherefore	 ﾠall	 ﾠthree	 ﾠmay	 ﾠreduce	 ﾠSpt6	 ﾠlevels	 ﾠ
below	 ﾠa	 ﾠcertain	 ﾠthreshold	 ﾠlevel	 ﾠof	 ﾠSpt6	 ﾠprotein	 ﾠthat	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠwild-ﾭ‐type	 ﾠphenotypes,	 ﾠ
resulting	 ﾠin	 ﾠan	 ﾠoverall	 ﾠloss-ﾭ‐of-ﾭ‐function	 ﾠphenotype	 ﾠfor	 ﾠall	 ﾠthree.	 ﾠ
A	 ﾠpossible	 ﾠexplanation	 ﾠfor	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠmutant	 ﾠphenotypes	 ﾠwhen	 ﾠthe	 ﾠspt6	 ﾠ
mutations	 ﾠare	 ﾠon	 ﾠan	 ﾠover-ﾭ‐expression	 ﾠplasmid	 ﾠversus	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠgenome	 ﾠis	 ﾠthat	 ﾠ
increased	 ﾠmutant	 ﾠprotein	 ﾠlevels	 ﾠcause	 ﾠstronger	 ﾠphenotypes.	 ﾠ	 ﾠIt	 ﾠhas	 ﾠpreviously	 ﾠbeen	 ﾠ
observed	 ﾠthat	 ﾠover-ﾭ‐expression	 ﾠof	 ﾠwild-ﾭ‐type	 ﾠSpt6	 ﾠprotein	 ﾠis	 ﾠsufficient	 ﾠto	 ﾠcause	 ﾠmutant	 ﾠ
phenotypes	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠ(Clark-ﾭ‐Adams	 ﾠand	 ﾠWinston,	 ﾠ1987).	 ﾠ	 ﾠHowever,	 ﾠit	 ﾠis	 ﾠ
unclear	 ﾠwhat	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠover-ﾭ‐expressing	 ﾠa	 ﾠmutant	 ﾠspt6	 ﾠallele	 ﾠwould	 ﾠbe.	 ﾠ	 ﾠAlthough	 ﾠit	 ﾠis	 ﾠ
possible	 ﾠthat	 ﾠchanges	 ﾠin	 ﾠlevels	 ﾠof	 ﾠmutant	 ﾠspt6	 ﾠprotein	 ﾠcause	 ﾠmutant	 ﾠphenotypes,	 ﾠsimilar	 ﾠto	 ﾠ	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 ﾠ
the	 ﾠwild-ﾭ‐type	 ﾠSpt6	 ﾠprotein	 ﾠover-ﾭ‐expression	 ﾠscenario,	 ﾠthere	 ﾠare	 ﾠcurrently	 ﾠno	 ﾠexamples	 ﾠof	 ﾠ
this	 ﾠin	 ﾠthe	 ﾠSpt6	 ﾠliterature	 ﾠthat	 ﾠI	 ﾠam	 ﾠaware	 ﾠof.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠfuture,	 ﾠit	 ﾠis	 ﾠcrucial	 ﾠto	 ﾠintegrate	 ﾠthese	 ﾠ
types	 ﾠof	 ﾠmutants	 ﾠinto	 ﾠthe	 ﾠgenomic	 ﾠlocus	 ﾠbefore	 ﾠdrawing	 ﾠany	 ﾠconclusions.	 ﾠ
	 ﾠ During	 ﾠthe	 ﾠcourse	 ﾠof	 ﾠthese	 ﾠexperiments,	 ﾠa	 ﾠnearly	 ﾠcomplete	 ﾠstructure	 ﾠof	 ﾠSpt6	 ﾠwas	 ﾠ
published	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠInterestingly,	 ﾠmany	 ﾠof	 ﾠthe	 ﾠputative	 ﾠdomains	 ﾠpreviously	 ﾠ
identified	 ﾠin	 ﾠSpt6	 ﾠwere	 ﾠshown	 ﾠto	 ﾠhave	 ﾠstructures	 ﾠincompatible	 ﾠwith	 ﾠtheir	 ﾠpredicted	 ﾠ
functions.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠhelix-ﾭ‐turn-ﾭ‐helix	 ﾠdomains	 ﾠnormally	 ﾠbind	 ﾠto	 ﾠDNA;	 ﾠhowever,	 ﾠthe	 ﾠHtH	 ﾠ
domain	 ﾠin	 ﾠSpt6	 ﾠis	 ﾠnot	 ﾠcompatible	 ﾠwith	 ﾠDNA	 ﾠbinding	 ﾠdue	 ﾠto	 ﾠthe	 ﾠsteric	 ﾠclash	 ﾠthat	 ﾠwould	 ﾠresult	 ﾠ
between	 ﾠthe	 ﾠbound	 ﾠDNA	 ﾠmolecule	 ﾠand	 ﾠother	 ﾠportions	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠprotein	 ﾠstructure	 ﾠ(Close	 ﾠ
et	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠthe	 ﾠSpt6	 ﾠS1	 ﾠdomain,	 ﾠwhich	 ﾠis	 ﾠexpected	 ﾠto	 ﾠbind	 ﾠnucleic	 ﾠacids,	 ﾠlacks	 ﾠ
the	 ﾠnecessary	 ﾠbinding	 ﾠcleft	 ﾠresidues	 ﾠand	 ﾠis	 ﾠnot	 ﾠrequired	 ﾠfor	 ﾠbinding	 ﾠdouble-ﾭ‐stranded	 ﾠDNA	 ﾠ
(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠstructural	 ﾠstudies	 ﾠidentified	 ﾠan	 ﾠSpt6	 ﾠdomain	 ﾠwhich	 ﾠ
had	 ﾠbeen	 ﾠpreviously	 ﾠoverlooked,	 ﾠa	 ﾠdeath-ﾭ‐like	 ﾠdomain	 ﾠ(DLD).	 ﾠ	 ﾠThis	 ﾠonly	 ﾠadded	 ﾠto	 ﾠthe	 ﾠ
mystery	 ﾠof	 ﾠSpt6	 ﾠsince	 ﾠthese	 ﾠmotifs	 ﾠare	 ﾠusually	 ﾠfound	 ﾠin	 ﾠproteins	 ﾠof	 ﾠthe	 ﾠinflammatory	 ﾠand	 ﾠ
apoptotic	 ﾠpathways.	 ﾠ	 ﾠAlthough	 ﾠthis	 ﾠstudy	 ﾠadded	 ﾠsignificant	 ﾠinsight	 ﾠinto	 ﾠthe	 ﾠstructure	 ﾠof	 ﾠ
Spt6,	 ﾠit	 ﾠalso	 ﾠhighlighted	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠstructure-ﾭ‐function	 ﾠanalysis	 ﾠto	 ﾠunderstand	 ﾠthe	 ﾠfunction	 ﾠ
of	 ﾠthese	 ﾠdomains	 ﾠin	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠchromatin	 ﾠstructure	 ﾠand	 ﾠtranscription.	 ﾠ
	 ﾠ In	 ﾠthe	 ﾠsecond	 ﾠpart	 ﾠof	 ﾠthis	 ﾠchapter,	 ﾠI	 ﾠanalyzed	 ﾠtwo	 ﾠspt6	 ﾠmutants	 ﾠencoding	 ﾠC-ﾭ‐terminal	 ﾠ
truncations	 ﾠto	 ﾠaddress	 ﾠthe	 ﾠrequirement	 ﾠfor	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠtandem	 ﾠSH2	 ﾠdomains.	 ﾠ	 ﾠThe	 ﾠmost	 ﾠ
significant	 ﾠfinding	 ﾠwas	 ﾠthat	 ﾠboth	 ﾠof	 ﾠthese	 ﾠmutants	 ﾠhave	 ﾠa	 ﾠnumber	 ﾠof	 ﾠsevere	 ﾠmutant	 ﾠ
phenotypes,	 ﾠalthough	 ﾠSpt6	 ﾠprotein	 ﾠlevels	 ﾠare	 ﾠunaffected.	 ﾠ	 ﾠOverall,	 ﾠthis	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠSH2	 ﾠ
domains	 ﾠare	 ﾠimportant	 ﾠfor	 ﾠSpt6	 ﾠfunction.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠexperiments	 ﾠby	 ﾠour	 ﾠ	 ﾠ 119	 ﾠ
collaborators	 ﾠshowing	 ﾠthat	 ﾠboth	 ﾠSH2	 ﾠdomains	 ﾠare	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠRNAPII	 ﾠCTD	 ﾠ
binding	 ﾠin	 ﾠvitro	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ
	 ﾠ Given	 ﾠthat	 ﾠSpt6	 ﾠhad	 ﾠbeen	 ﾠthe	 ﾠonly	 ﾠS.	 ﾠcerevisiae	 ﾠprotein	 ﾠknown	 ﾠto	 ﾠhave	 ﾠan	 ﾠSH2	 ﾠ
domain	 ﾠfor	 ﾠmany	 ﾠyears	 ﾠ(Maclennan	 ﾠand	 ﾠShaw,	 ﾠ1993),	 ﾠthe	 ﾠdiscovery	 ﾠof	 ﾠa	 ﾠsecond	 ﾠSH2	 ﾠ
domain	 ﾠis	 ﾠquite	 ﾠsignificant	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠ
al.,	 ﾠ2010).	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠSH22	 ﾠdomain	 ﾠis	 ﾠfairly	 ﾠdivergent	 ﾠfrom	 ﾠother	 ﾠSH2	 ﾠdomains	 ﾠ
(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠ
although	 ﾠthe	 ﾠSH22	 ﾠdomain	 ﾠhas	 ﾠa	 ﾠgenerally	 ﾠconserved	 ﾠsecondary	 ﾠstructure	 ﾠand	 ﾠdomain	 ﾠfold	 ﾠ
(Kuriyan	 ﾠand	 ﾠCowburn,	 ﾠ1997),	 ﾠits	 ﾠprimary	 ﾠamino	 ﾠacid	 ﾠsequence	 ﾠis	 ﾠdivergent	 ﾠfrom	 ﾠother	 ﾠ
SH2	 ﾠdomains	 ﾠand	 ﾠits	 ﾠcrucial	 ﾠbinding	 ﾠresidue	 ﾠis	 ﾠchanged	 ﾠfrom	 ﾠthe	 ﾠtypical	 ﾠarginine	 ﾠto	 ﾠa	 ﾠ
tyrosine	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠ
explains	 ﾠwhy	 ﾠthis	 ﾠSH2	 ﾠdomain	 ﾠwas	 ﾠnot	 ﾠpreviously	 ﾠidentified	 ﾠby	 ﾠsequence	 ﾠhomology	 ﾠ
analysis.	 ﾠ	 ﾠTherefore,	 ﾠstructural	 ﾠstudies	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠC-ﾭ‐terminal	 ﾠregion	 ﾠwere	 ﾠcrucial	 ﾠto	 ﾠidentify	 ﾠ
this	 ﾠatypical	 ﾠSH2	 ﾠdomain.	 ﾠ
	 ﾠIn	 ﾠaddition,	 ﾠexperimentally	 ﾠdetermined	 ﾠstructures	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠ
have	 ﾠrevealed	 ﾠother	 ﾠunique	 ﾠcharacteristics	 ﾠof	 ﾠthe	 ﾠSH22	 ﾠdomain.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠ
phosphate-ﾭ‐binding	 ﾠpocket	 ﾠis	 ﾠaltered	 ﾠin	 ﾠthe	 ﾠSH22	 ﾠdomain	 ﾠwith	 ﾠits	 ﾠopening	 ﾠin	 ﾠa	 ﾠdifferent	 ﾠ
orientation	 ﾠthan	 ﾠtypically	 ﾠseen	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ	 ﾠAlso,	 ﾠthis	 ﾠpocket	 ﾠis	 ﾠoccupied	 ﾠby	 ﾠa	 ﾠ
bulky	 ﾠtyrosine	 ﾠside	 ﾠchain	 ﾠmaking	 ﾠconventional	 ﾠphosphate-ﾭ‐binding	 ﾠunlikely	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠTherefore,	 ﾠit	 ﾠis	 ﾠhypothesized	 ﾠthat	 ﾠSH22	 ﾠrepresents	 ﾠa	 ﾠnew	 ﾠSH2	 ﾠdomain	 ﾠsubfamily	 ﾠ
with	 ﾠa	 ﾠunique	 ﾠphosphate-ﾭ‐binding	 ﾠsite	 ﾠ(Liu	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIt	 ﾠis	 ﾠlikely	 ﾠthat	 ﾠthere	 ﾠare	 ﾠother	 ﾠ
similar	 ﾠunrecognized	 ﾠSH2	 ﾠdomains	 ﾠin	 ﾠyeast	 ﾠand	 ﾠother	 ﾠorganisms,	 ﾠa	 ﾠpossibility	 ﾠthat	 ﾠshould	 ﾠ
be	 ﾠexplored	 ﾠfurther.	 ﾠ	 ﾠIn	 ﾠeffect,	 ﾠthis	 ﾠwork	 ﾠhas	 ﾠnot	 ﾠonly	 ﾠdoubled	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠknown	 ﾠSH2	 ﾠ	 ﾠ 120	 ﾠ
domains	 ﾠin	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠgenome	 ﾠfrom	 ﾠone	 ﾠto	 ﾠtwo,	 ﾠbut	 ﾠhas	 ﾠgiven	 ﾠnew	 ﾠinsight	 ﾠinto	 ﾠthe	 ﾠ
cooperative	 ﾠfunction	 ﾠof	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠand	 ﾠthe	 ﾠdivergent	 ﾠstructures	 ﾠpossible	 ﾠfor	 ﾠSH2	 ﾠ
domains.	 ﾠ
An	 ﾠimportant	 ﾠunanswered	 ﾠquestion	 ﾠis	 ﾠwhat	 ﾠamino	 ﾠacids	 ﾠthe	 ﾠSH21	 ﾠand	 ﾠSH22	 ﾠdomains	 ﾠ
bind	 ﾠand	 ﾠwhether	 ﾠthese	 ﾠtwo	 ﾠSH2	 ﾠdomains	 ﾠdiffer	 ﾠin	 ﾠtheir	 ﾠpreferred	 ﾠtarget	 ﾠbinding	 ﾠresidues.	 ﾠ	 ﾠ
Recent	 ﾠwork	 ﾠhas	 ﾠidentified	 ﾠphosphorylation	 ﾠon	 ﾠthe	 ﾠtyrosine	 ﾠin	 ﾠthe	 ﾠheptapeptide	 ﾠrepeats	 ﾠof	 ﾠ
the	 ﾠRNAPII	 ﾠCTD	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠInterestingly,	 ﾠincreased	 ﾠtyrosine	 ﾠphosphorylation	 ﾠin	 ﾠ
the	 ﾠRNAPII	 ﾠCTD	 ﾠincreases	 ﾠinteraction	 ﾠof	 ﾠthe	 ﾠRNAPII	 ﾠCTD	 ﾠwith	 ﾠSpt6	 ﾠin	 ﾠvitro	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ
2012).	 ﾠ	 ﾠThis	 ﾠraises	 ﾠthe	 ﾠintriguing	 ﾠpossibility	 ﾠthat	 ﾠone	 ﾠor	 ﾠboth	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠSH2	 ﾠdomains	 ﾠbinds	 ﾠ
to	 ﾠphosphorylated	 ﾠtyrosine	 ﾠin	 ﾠthe	 ﾠRNAPII	 ﾠCTD.	 ﾠ	 ﾠPerhaps	 ﾠone	 ﾠSH2	 ﾠdomain	 ﾠprimarily	 ﾠbinds	 ﾠto	 ﾠ
phosphorylated	 ﾠserine	 ﾠand	 ﾠthe	 ﾠother	 ﾠto	 ﾠphosphorylated	 ﾠtyrosine.	 ﾠ	 ﾠHowever,	 ﾠthis	 ﾠis	 ﾠpurely	 ﾠ
conjecture	 ﾠand	 ﾠfurther	 ﾠexperiments	 ﾠwill	 ﾠbe	 ﾠrequired	 ﾠto	 ﾠexplore	 ﾠthis	 ﾠhypothesis.	 ﾠ
	 ﾠ In	 ﾠmy	 ﾠexperiments,	 ﾠthere	 ﾠwas	 ﾠone	 ﾠadditional	 ﾠmutant	 ﾠthat	 ﾠwas	 ﾠnot	 ﾠconstructed:	 ﾠa	 ﾠ
deletion	 ﾠof	 ﾠthe	 ﾠsequence	 ﾠof	 ﾠSPT6	 ﾠencoding	 ﾠjust	 ﾠSH21.	 ﾠ	 ﾠAnalyzing	 ﾠthis	 ﾠmutant	 ﾠwould	 ﾠclarify	 ﾠ
the	 ﾠrequirement	 ﾠfor	 ﾠSH21,	 ﾠthe	 ﾠfunctional	 ﾠcontribution	 ﾠof	 ﾠeach	 ﾠSH2	 ﾠdomain,	 ﾠand	 ﾠindicate	 ﾠ
whether	 ﾠSH22	 ﾠretains	 ﾠany	 ﾠfunction	 ﾠwithout	 ﾠits	 ﾠSH21	 ﾠcounterpart.	 ﾠ	 ﾠFuture	 ﾠwork	 ﾠon	 ﾠa	 ﾠdeletion	 ﾠ
of	 ﾠjust	 ﾠSH21	 ﾠmay	 ﾠyield	 ﾠfurther	 ﾠhelpful	 ﾠinsights.	 ﾠ
	 ﾠ To	 ﾠdetermine	 ﾠthe	 ﾠrequirements	 ﾠfor	 ﾠspecific	 ﾠamino	 ﾠacids	 ﾠin	 ﾠthe	 ﾠSpt6	 ﾠSH2	 ﾠdomains,	 ﾠ
others	 ﾠhave	 ﾠconstructed	 ﾠand	 ﾠanalyzed	 ﾠseveral	 ﾠdifferent	 ﾠpoint	 ﾠmutations	 ﾠwithin	 ﾠthe	 ﾠregion	 ﾠ
encoding	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomains,	 ﾠincluding	 ﾠdouble	 ﾠmutants	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThese	 ﾠ
spt6	 ﾠpoint	 ﾠmutations	 ﾠinclude:	 ﾠR1282H,	 ﾠS1284D,	 ﾠR1286A,	 ﾠQ1303E,	 ﾠE1313A/N1314A,	 ﾠor	 ﾠ
K1343E	 ﾠ(all	 ﾠin	 ﾠthe	 ﾠSH21	 ﾠdomain),	 ﾠor	 ﾠP1390A	 ﾠor	 ﾠK1411E	 ﾠ(in	 ﾠSH22).	 ﾠ	 ﾠThey	 ﾠwere	 ﾠscreened	 ﾠfor	 ﾠ
a	 ﾠvariety	 ﾠof	 ﾠphenotypes	 ﾠincluding	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠand	 ﾠsensitivity	 ﾠto	 ﾠhigh	 ﾠtemperature,	 ﾠ	 ﾠ 121	 ﾠ
hydroxyurea,	 ﾠ6-ﾭ‐azauracil,	 ﾠand	 ﾠmycophenolic	 ﾠacid.	 ﾠ	 ﾠHowever,	 ﾠnone	 ﾠof	 ﾠthese	 ﾠmutants	 ﾠare	 ﾠ
sensitive	 ﾠto	 ﾠany	 ﾠof	 ﾠthe	 ﾠstress	 ﾠconditions	 ﾠtested,	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠstrain.	 ﾠ	 ﾠThe	 ﾠone	 ﾠ
exception	 ﾠwas	 ﾠspt6-ﾭQ1303E,	 ﾠwhich	 ﾠhas	 ﾠan	 ﾠextremely	 ﾠweak	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠThese	 ﾠresults	 ﾠindicate	 ﾠthat	 ﾠeither	 ﾠthe	 ﾠcrucial	 ﾠresidues	 ﾠfor	 ﾠSH2	 ﾠdomain	 ﾠfunction	 ﾠin	 ﾠ
Spt6	 ﾠhave	 ﾠnot	 ﾠyet	 ﾠbeen	 ﾠidentified	 ﾠor	 ﾠmultiple	 ﾠchanges	 ﾠare	 ﾠnecessary	 ﾠto	 ﾠimpair	 ﾠSH2	 ﾠfunction.	 ﾠ
Work	 ﾠby	 ﾠseveral	 ﾠgroups	 ﾠhas	 ﾠconfirmed	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomain	 ﾠstructure	 ﾠof	 ﾠSpt6	 ﾠ
(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠA	 ﾠconcurrent	 ﾠstudy	 ﾠpublished	 ﾠback-ﾭ‐to-ﾭ‐
back	 ﾠwith	 ﾠours	 ﾠalso	 ﾠshowed	 ﾠthat	 ﾠthe	 ﾠtandem	 ﾠSH2	 ﾠdomains	 ﾠbind	 ﾠto	 ﾠserine	 ﾠ2-ﾭ‐phosphorylated	 ﾠ
RNAPII	 ﾠCTD	 ﾠpeptide	 ﾠin	 ﾠvitro	 ﾠ(Sun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠAlso,	 ﾠthey	 ﾠnoted	 ﾠthat	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠ
tandem	 ﾠSH2	 ﾠregion	 ﾠin	 ﾠyeast	 ﾠis	 ﾠlethal	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ6-ﾭ‐azauracil,	 ﾠindicating	 ﾠthat	 ﾠthis	 ﾠ
region	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠtranscription	 ﾠelongation.	 ﾠ	 ﾠThis	 ﾠis	 ﾠconsistent	 ﾠwith	 ﾠour	 ﾠcollaborators’	 ﾠ
results	 ﾠshowing	 ﾠthat	 ﾠthe	 ﾠSH2	 ﾠdomains	 ﾠare	 ﾠrequired	 ﾠfor	 ﾠbinding	 ﾠthe	 ﾠRNAPII	 ﾠCTD,	 ﾠ
particularly	 ﾠserine	 ﾠ2-ﾭ‐phosphorylated	 ﾠCTD	 ﾠwhich	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠtranscription	 ﾠelongation	 ﾠ
(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010b).	 ﾠ	 ﾠAlso,	 ﾠour	 ﾠanalysis	 ﾠshows	 ﾠthat	 ﾠSH2	 ﾠtruncation	 ﾠmutants	 ﾠhave	 ﾠa	 ﾠstrong	 ﾠ
Spt-ﾭ‐	 ﾠphenotype	 ﾠindicating	 ﾠa	 ﾠdefect	 ﾠin	 ﾠtranscription	 ﾠregulation.	 ﾠ	 ﾠIn	 ﾠsum,	 ﾠthis	 ﾠwork	 ﾠconfirms	 ﾠ
the	 ﾠpresence	 ﾠand	 ﾠimportance	 ﾠof	 ﾠthese	 ﾠtandem	 ﾠSH2	 ﾠdomains.	 ﾠ
	 ﾠ In	 ﾠthe	 ﾠthird	 ﾠsection	 ﾠof	 ﾠthis	 ﾠchapter,	 ﾠI	 ﾠconstructed	 ﾠspt6	 ﾠpoint	 ﾠmutants	 ﾠto	 ﾠexplore	 ﾠthe	 ﾠ
Spn1-ﾭ‐binding	 ﾠsite	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThe	 ﾠresidues	 ﾠaltered	 ﾠin	 ﾠthese	 ﾠmutants	 ﾠare	 ﾠlocated	 ﾠwithin	 ﾠthe	 ﾠ
Spt6-ﾭ‐Spn1	 ﾠbinding	 ﾠpocket,	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠstructure	 ﾠof	 ﾠSpn1	 ﾠbinding	 ﾠto	 ﾠan	 ﾠN-ﾭ‐terminal	 ﾠ
section	 ﾠof	 ﾠSpt6	 ﾠsolved	 ﾠby	 ﾠour	 ﾠcollaborators	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010a).	 ﾠ	 ﾠThese	 ﾠmutants	 ﾠcause	 ﾠa	 ﾠ
number	 ﾠof	 ﾠsevere	 ﾠmutant	 ﾠphenotypes	 ﾠindicating	 ﾠtheir	 ﾠfunctional	 ﾠimportance	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠ
Consistent	 ﾠwith	 ﾠthis,	 ﾠco-ﾭ‐IP	 ﾠexperiments	 ﾠsuggested	 ﾠloss	 ﾠof	 ﾠbinding	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠSpn1	 ﾠin	 ﾠ	 ﾠ 122	 ﾠ
these	 ﾠmutants.	 ﾠ	 ﾠAll	 ﾠevidence	 ﾠpoints	 ﾠto	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠthis	 ﾠN-ﾭ‐terminal	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠfor	 ﾠ
binding	 ﾠSpn1.	 ﾠ
	 ﾠ One	 ﾠsurprising	 ﾠresult	 ﾠis	 ﾠthat	 ﾠthe	 ﾠspt6-ﾭGG	 ﾠmutant,	 ﾠwhich	 ﾠhas	 ﾠno	 ﾠdetectable	 ﾠmutant	 ﾠ
phenotype,	 ﾠappears	 ﾠto	 ﾠimpair	 ﾠSpt6-ﾭ‐Spn1	 ﾠbinding	 ﾠby	 ﾠco-ﾭ‐IP.	 ﾠ	 ﾠThe	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠis	 ﾠunclear.	 ﾠ	 ﾠ
One	 ﾠexplanation	 ﾠfor	 ﾠthis	 ﾠinconsistency	 ﾠis	 ﾠthat	 ﾠthe	 ﾠloss	 ﾠof	 ﾠthe	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteraction	 ﾠdoes	 ﾠnot	 ﾠ
cause	 ﾠa	 ﾠmutant	 ﾠphenotype	 ﾠthat	 ﾠI	 ﾠyet	 ﾠknow	 ﾠhow	 ﾠto	 ﾠdetect	 ﾠand	 ﾠthat	 ﾠthe	 ﾠother	 ﾠmutations,	 ﾠspt6-ﾭ
IF	 ﾠand	 ﾠspt6-ﾭYW,	 ﾠcause	 ﾠmutant	 ﾠphenotypes	 ﾠfor	 ﾠa	 ﾠreason	 ﾠindependent	 ﾠof	 ﾠtheir	 ﾠeffect	 ﾠon	 ﾠSpt6-ﾭ‐
Spn1	 ﾠinteractions.	 ﾠ	 ﾠAlternatively,	 ﾠthere	 ﾠmay	 ﾠbe	 ﾠa	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠin	 ﾠvivo	 ﾠconditions	 ﾠ
and	 ﾠthe	 ﾠin	 ﾠvitro	 ﾠco-ﾭ‐IP	 ﾠconditions	 ﾠthat	 ﾠmight	 ﾠbe	 ﾠmisleading,	 ﾠat	 ﾠleast	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠspt6-ﾭGG;	 ﾠby	 ﾠ
this	 ﾠexplanation,	 ﾠSpt6-ﾭ‐Spn1	 ﾠinteractions	 ﾠare	 ﾠonly	 ﾠimpaired	 ﾠin	 ﾠvivo	 ﾠin	 ﾠthe	 ﾠspt6-ﾭYW	 ﾠand	 ﾠspt6-ﾭ
IF	 ﾠmutants,	 ﾠand	 ﾠnot	 ﾠin	 ﾠthe	 ﾠspt6-ﾭGG	 ﾠmutant.	 ﾠ	 ﾠRegardless	 ﾠof	 ﾠthe	 ﾠreason,	 ﾠin	 ﾠlight	 ﾠof	 ﾠthis	 ﾠ
inconsistency,	 ﾠthe	 ﾠco-ﾭ‐IP	 ﾠexperiments	 ﾠmust	 ﾠbe	 ﾠinterpreted	 ﾠwith	 ﾠcaution.	 ﾠ
	 ﾠ Two	 ﾠadditional	 ﾠgroups	 ﾠhave	 ﾠpublished	 ﾠstructures	 ﾠof	 ﾠSpn1	 ﾠand/or	 ﾠSpn1	 ﾠbound	 ﾠto	 ﾠa	 ﾠ
portion	 ﾠof	 ﾠSpt6	 ﾠ(McDonald	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠPujari	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠand	 ﾠthese	 ﾠstructures	 ﾠcorrespond	 ﾠ
well	 ﾠto	 ﾠthe	 ﾠstructure	 ﾠsolved	 ﾠby	 ﾠour	 ﾠcollaborators.	 ﾠ	 ﾠWork	 ﾠfrom	 ﾠthe	 ﾠFormosa	 ﾠand	 ﾠHill	 ﾠlabs	 ﾠ
confirmed	 ﾠthe	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠrequired	 ﾠfor	 ﾠSpn1	 ﾠbinding	 ﾠ(McDonald	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
Intriguingly,	 ﾠthey	 ﾠalso	 ﾠshowed	 ﾠby	 ﾠgel	 ﾠshift	 ﾠassay	 ﾠthat	 ﾠthis	 ﾠsame	 ﾠSpt6	 ﾠregion	 ﾠis	 ﾠalso	 ﾠrequired	 ﾠ
for	 ﾠnucleosome	 ﾠbinding	 ﾠand	 ﾠtheir	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠSpn1	 ﾠand	 ﾠnucleosome	 ﾠbinding	 ﾠto	 ﾠ
Spt6	 ﾠare	 ﾠmutually	 ﾠexclusive.	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠa	 ﾠmodel	 ﾠwhereby	 ﾠSpn1	 ﾠdisengages	 ﾠSpt6	 ﾠfrom	 ﾠ
nucleosomes	 ﾠto	 ﾠallow	 ﾠmultiple	 ﾠrounds	 ﾠof	 ﾠnucleosome	 ﾠreassembly.	 ﾠ	 ﾠAnother	 ﾠpossible	 ﾠmodel	 ﾠ
is	 ﾠthat	 ﾠSpn1	 ﾠmodulates	 ﾠthe	 ﾠequilibrium	 ﾠbetween	 ﾠthe	 ﾠinvolvement	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠnucleosome	 ﾠ
reassembly	 ﾠand	 ﾠin	 ﾠmRNA	 ﾠprocessing.	 ﾠ	 ﾠEither	 ﾠway,	 ﾠit	 ﾠis	 ﾠclear	 ﾠthat	 ﾠSpn1	 ﾠplays	 ﾠan	 ﾠimportant	 ﾠ
role	 ﾠin	 ﾠthe	 ﾠinteraction	 ﾠof	 ﾠSpt6	 ﾠwith	 ﾠnucleosomes.	 ﾠ	 ﾠ 123	 ﾠ
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 ﾠ
Spt6,	 ﾠa	 ﾠkey	 ﾠfactor	 ﾠinvolved	 ﾠin	 ﾠregulating	 ﾠchromatin	 ﾠstructure,	 ﾠis	 ﾠconserved	 ﾠ
throughout	 ﾠeukaryotes.	 ﾠ	 ﾠSpt6	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠrequired	 ﾠfor	 ﾠa	 ﾠnumber	 ﾠof	 ﾠfunctions,	 ﾠ
including	 ﾠnucleosome	 ﾠassembly,	 ﾠtranscription	 ﾠinitiation	 ﾠand	 ﾠelongation,	 ﾠand	 ﾠmRNA	 ﾠ
processing	 ﾠand	 ﾠexport.	 ﾠ	 ﾠInterestingly,	 ﾠprevious	 ﾠpreliminary	 ﾠwork	 ﾠhas	 ﾠalso	 ﾠimplicated	 ﾠSpt6	 ﾠ
in	 ﾠDNA	 ﾠdamage	 ﾠrepair.	 ﾠ	 ﾠHowever,	 ﾠthis	 ﾠarea	 ﾠof	 ﾠSpt6	 ﾠbiology	 ﾠhas	 ﾠbeen	 ﾠexplored	 ﾠvery	 ﾠlittle.	 ﾠ	 ﾠA	 ﾠ
tantalizing	 ﾠhypothesis	 ﾠis	 ﾠthat	 ﾠSpt6	 ﾠserves	 ﾠto	 ﾠfacilitate	 ﾠDNA	 ﾠdamage	 ﾠrepair	 ﾠduring	 ﾠ
transcription.	 ﾠ	 ﾠTo	 ﾠaddress	 ﾠthis	 ﾠpossibility,	 ﾠI	 ﾠhave	 ﾠattempted	 ﾠto	 ﾠtest	 ﾠfor	 ﾠa	 ﾠpossible	 ﾠrole	 ﾠfor	 ﾠ
Spt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis.	 ﾠ	 ﾠAfter	 ﾠemploying	 ﾠseveral	 ﾠtypes	 ﾠof	 ﾠin	 ﾠvivo	 ﾠ
assays,	 ﾠI	 ﾠconclude	 ﾠthat	 ﾠa	 ﾠpossible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠis	 ﾠ
uncertain,	 ﾠas	 ﾠthe	 ﾠresults	 ﾠ(with	 ﾠrespect	 ﾠto	 ﾠa	 ﾠrole	 ﾠfor	 ﾠSpt6)	 ﾠreproducibly	 ﾠvary	 ﾠdepending	 ﾠon	 ﾠ
the	 ﾠassay	 ﾠused.	 ﾠ	 ﾠThus,	 ﾠunderstanding	 ﾠthis	 ﾠaspect	 ﾠof	 ﾠSpt6	 ﾠbiology	 ﾠawaits	 ﾠbetter	 ﾠassays	 ﾠand	 ﾠ
understanding	 ﾠof	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis.	 ﾠ	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 ﾠ
As	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ1,	 ﾠchromatin	 ﾠstructure	 ﾠis	 ﾠan	 ﾠobstacle	 ﾠto	 ﾠDNA	 ﾠrepair	 ﾠ
(Gospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠHuertas	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠSeeber	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ
2013;	 ﾠTsukuda	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠRecent	 ﾠwork	 ﾠindicates	 ﾠthat	 ﾠchanges	 ﾠin	 ﾠhistone	 ﾠstructure	 ﾠand	 ﾠ
modifications	 ﾠare	 ﾠrequired	 ﾠto	 ﾠrecruit	 ﾠfactors	 ﾠnecessary	 ﾠfor	 ﾠDNA	 ﾠdamage	 ﾠrepair	 ﾠ(Groth	 ﾠet	 ﾠal.,	 ﾠ
2007;	 ﾠTsukuda	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠA	 ﾠgrowing	 ﾠnumber	 ﾠof	 ﾠhistone	 ﾠchaperones	 ﾠand	 ﾠchromatin	 ﾠ
remodeling	 ﾠcomplexes	 ﾠhave	 ﾠbeen	 ﾠimplicated	 ﾠin	 ﾠthis	 ﾠprocess,	 ﾠincluding	 ﾠArp4,	 ﾠHif1,	 ﾠCAF-ﾭ‐1,	 ﾠ
Asf1,	 ﾠDNMT1,	 ﾠRad54,	 ﾠand	 ﾠthe	 ﾠISW1a,	 ﾠISW1b,	 ﾠISW2,	 ﾠCHD1,	 ﾠFUN30,	 ﾠINO80,	 ﾠSWR1,	 ﾠRSC,	 ﾠand	 ﾠ
Swi/Snf	 ﾠcomplexes	 ﾠ(De	 ﾠKoning	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠGospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠGroth	 ﾠet	 ﾠal.,	 ﾠ
2007;	 ﾠKim	 ﾠand	 ﾠHaber,	 ﾠ2009;	 ﾠSeeber	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ2013).	 ﾠ
The	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠchromatin	 ﾠstructure	 ﾠraises	 ﾠthe	 ﾠintriguing	 ﾠpossibility	 ﾠthat	 ﾠSpt6	 ﾠ
may	 ﾠalso	 ﾠplay	 ﾠa	 ﾠrole	 ﾠin	 ﾠDNA	 ﾠrepair	 ﾠ(Bortvin	 ﾠand	 ﾠWinston,	 ﾠ1996;	 ﾠDegennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠ
Kaplan	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠIndeed,	 ﾠprevious	 ﾠstudies	 ﾠ(I.	 ﾠIvanovska,	 ﾠunpublished	 ﾠdata)	 ﾠas	 ﾠwell	 ﾠas	 ﾠ
work	 ﾠin	 ﾠChapter	 ﾠ2	 ﾠhave	 ﾠuncovered	 ﾠspt6	 ﾠmutants	 ﾠthat	 ﾠare	 ﾠsensitive	 ﾠto	 ﾠphleomycin,	 ﾠ
indicating	 ﾠdefects	 ﾠin	 ﾠDNA	 ﾠdamage	 ﾠrepair.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠspt6	 ﾠmutants	 ﾠinteract	 ﾠgenetically	 ﾠ
with	 ﾠa	 ﾠdeletion	 ﾠof	 ﾠDUN1,	 ﾠa	 ﾠcomponent	 ﾠof	 ﾠthe	 ﾠmain	 ﾠdouble-ﾭ‐strand	 ﾠbreak	 ﾠrepair	 ﾠpathway	 ﾠin	 ﾠS.	 ﾠ
cerevisiae	 ﾠ(I.	 ﾠIvanovska,	 ﾠunpublished	 ﾠdata).	 ﾠ	 ﾠThe	 ﾠgoal	 ﾠof	 ﾠthis	 ﾠchapter	 ﾠwas	 ﾠto	 ﾠexplore	 ﾠa	 ﾠ
potential	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠDNA	 ﾠdamage	 ﾠrepair.	 ﾠ	 ﾠFor	 ﾠthis	 ﾠchapter,	 ﾠI	 ﾠwill	 ﾠbe	 ﾠfocusing	 ﾠon	 ﾠa	 ﾠ
possible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis.	 ﾠ	 ﾠ(Experiments	 ﾠto	 ﾠtest	 ﾠfor	 ﾠa	 ﾠ
role	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠdouble-ﾭ‐strand	 ﾠbreak	 ﾠrepair	 ﾠare	 ﾠpresented	 ﾠin	 ﾠAppendix	 ﾠ1.)	 ﾠ
This	 ﾠproject	 ﾠarose	 ﾠfrom	 ﾠan	 ﾠunexpected	 ﾠobservation	 ﾠbased	 ﾠon	 ﾠnucleosome	 ﾠoccupancy	 ﾠ
data	 ﾠfor	 ﾠchromosome	 ﾠIII	 ﾠin	 ﾠan	 ﾠspt6	 ﾠmutant,	 ﾠspt6-ﾭ1004	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIn	 ﾠan	 ﾠspt6-ﾭ	 ﾠ 133	 ﾠ
1004	 ﾠmutant,	 ﾠnucleosomes	 ﾠare	 ﾠlost	 ﾠfrom	 ﾠhighly	 ﾠtranscribed	 ﾠgenes,	 ﾠsuggesting	 ﾠthat	 ﾠone	 ﾠrole	 ﾠ
of	 ﾠSpt6	 ﾠis	 ﾠto	 ﾠreplace	 ﾠnucleosomes	 ﾠin	 ﾠthe	 ﾠwake	 ﾠof	 ﾠtranscription	 ﾠ(Degennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠ
Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠvan	 ﾠBakel	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠHowever,	 ﾠthis	 ﾠnucleosome	 ﾠloss	 ﾠdoes	 ﾠnot	 ﾠ
correlate	 ﾠwith	 ﾠSpt6-ﾭ‐mediated	 ﾠchanges	 ﾠin	 ﾠmRNA	 ﾠlevels	 ﾠor	 ﾠcryptic	 ﾠinitiation.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠin	 ﾠ
spt6	 ﾠmutants,	 ﾠthere	 ﾠare	 ﾠgenes	 ﾠwith	 ﾠsignificant	 ﾠnucleosome	 ﾠloss	 ﾠbut	 ﾠno	 ﾠchange	 ﾠin	 ﾠsteady-ﾭ‐
state	 ﾠmRNA	 ﾠlevels	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThere	 ﾠare	 ﾠalso	 ﾠgenes	 ﾠwith	 ﾠcryptic	 ﾠinitiation	 ﾠbut	 ﾠ
no	 ﾠsignificant	 ﾠnucleosome	 ﾠloss	 ﾠin	 ﾠat	 ﾠspt6	 ﾠmutant	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThese	 ﾠresults	 ﾠ
suggest	 ﾠthat	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠSpt6	 ﾠon	 ﾠchromatin	 ﾠstructure	 ﾠis	 ﾠindependent	 ﾠof	 ﾠits	 ﾠeffect	 ﾠon	 ﾠ
transcription.	 ﾠ	 ﾠThe	 ﾠintriguing	 ﾠunanswered	 ﾠquestion	 ﾠis	 ﾠwhy	 ﾠis	 ﾠit	 ﾠimportant	 ﾠfor	 ﾠnucleosomes	 ﾠ
to	 ﾠbe	 ﾠreplaced	 ﾠover	 ﾠhighly	 ﾠtranscribed	 ﾠcoding	 ﾠregions	 ﾠif	 ﾠtranscription	 ﾠand	 ﾠcryptic	 ﾠinitiation	 ﾠ
are	 ﾠnot	 ﾠaffected.	 ﾠ	 ﾠOne	 ﾠhypothesis	 ﾠis	 ﾠthat	 ﾠthe	 ﾠhistone	 ﾠchaperone	 ﾠactivity	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠimportant	 ﾠ
for	 ﾠpreventing	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠor	 ﾠTAM.	 ﾠ
TAM	 ﾠrefers	 ﾠto	 ﾠthe	 ﾠobservation	 ﾠthat	 ﾠincreased	 ﾠtranscription	 ﾠof	 ﾠa	 ﾠgene	 ﾠleads	 ﾠto	 ﾠhigher	 ﾠ
levels	 ﾠof	 ﾠmutagenesis	 ﾠacross	 ﾠthe	 ﾠgene	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMischo	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠ
al.,	 ﾠ2011).	 ﾠ	 ﾠThis	 ﾠhas	 ﾠbeen	 ﾠseen	 ﾠin	 ﾠbacteriophage	 ﾠT7,	 ﾠE.	 ﾠcoli,	 ﾠS.	 ﾠcerevisiae,	 ﾠand	 ﾠmammalian	 ﾠ
cells	 ﾠ(Beletskii	 ﾠand	 ﾠBhagwat,	 ﾠ1996;	 ﾠBeletskii	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠDatta	 ﾠand	 ﾠJinks-ﾭ‐Robertson,	 ﾠ1995;	 ﾠ
Hendriks	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠHendriks	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠKlapacz	 ﾠand	 ﾠBhagwat,	 ﾠ2002).	 ﾠ	 ﾠIn	 ﾠyeast,	 ﾠ
induction	 ﾠof	 ﾠtranscription	 ﾠwith	 ﾠa	 ﾠstrong	 ﾠpromoter	 ﾠincreases	 ﾠmutagenesis	 ﾠbetween	 ﾠ7-ﾭ‐fold	 ﾠto	 ﾠ
30-ﾭ‐fold,	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠpromoter	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠWhile	 ﾠ
TAM	 ﾠappears	 ﾠto	 ﾠincrease	 ﾠmany	 ﾠclasses	 ﾠof	 ﾠmutations,	 ﾠelevations	 ﾠin	 ﾠ2-ﾭ‐3	 ﾠbp	 ﾠdeletions	 ﾠare	 ﾠ
particularly	 ﾠcharacteristic	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠmechanism	 ﾠof	 ﾠ
TAM	 ﾠis	 ﾠunclear:	 ﾠhowever,	 ﾠone	 ﾠexplanation	 ﾠis	 ﾠthat	 ﾠopen,	 ﾠtranscriptionally-ﾭ‐active	 ﾠchromatin	 ﾠ
is	 ﾠmore	 ﾠsensitive	 ﾠto	 ﾠDNA	 ﾠdamage	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSvejstrup,	 ﾠ2010).	 ﾠ	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This	 ﾠpossibility	 ﾠfits	 ﾠwell	 ﾠwith	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠas	 ﾠa	 ﾠhistone	 ﾠchaperone,	 ﾠrestoring	 ﾠ
chromatin	 ﾠfollowing	 ﾠtranscription	 ﾠand	 ﾠprotecting	 ﾠfrom	 ﾠmutagenesis.	 ﾠ	 ﾠI	 ﾠhave	 ﾠtherefore	 ﾠ
performed	 ﾠexperiments	 ﾠto	 ﾠtest	 ﾠwhether	 ﾠSpt6	 ﾠhas	 ﾠan	 ﾠeffect	 ﾠon	 ﾠtranscription-ﾭ‐associated	 ﾠ
mutagenesis.	 ﾠ	 ﾠBased	 ﾠon	 ﾠresults	 ﾠfrom	 ﾠseveral	 ﾠdifferent	 ﾠin	 ﾠvivo	 ﾠassays,	 ﾠI	 ﾠconclude	 ﾠthat	 ﾠa	 ﾠ
possible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠis	 ﾠuncertain,	 ﾠas	 ﾠthe	 ﾠresults	 ﾠ
reproducibly	 ﾠvary	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠassay	 ﾠused.	 ﾠ	 ﾠThe	 ﾠdevelopment	 ﾠof	 ﾠbetter	 ﾠassays	 ﾠand	 ﾠ
understanding	 ﾠof	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠis	 ﾠrequired	 ﾠto	 ﾠfurther	 ﾠstudy	 ﾠthis	 ﾠ
aspect	 ﾠof	 ﾠSpt6	 ﾠbiology.	 ﾠ
	 ﾠ
Materials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ
Strain	 ﾠConstruction	 ﾠ
	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay:	 ﾠ	 ﾠStrains	 ﾠfor	 ﾠthe	 ﾠURA3	 ﾠmutagenesis	 ﾠassay	 ﾠwere	 ﾠderived	 ﾠ
from	 ﾠstrain	 ﾠFY1856	 ﾠ(Table	 ﾠ3-ﾭ‐1).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭ1004	 ﾠmutation	 ﾠwas	 ﾠintroduced	 ﾠusing	 ﾠthe	 ﾠ
integrating	 ﾠplasmid	 ﾠpCK25	 ﾠ(contains	 ﾠFLAG-ﾭspt6-ﾭ1004	 ﾠin	 ﾠURA3-ﾭ‐marked	 ﾠpRS306)	 ﾠ(Sikorski	 ﾠ
and	 ﾠHieter,	 ﾠ1989).	 ﾠ	 ﾠIn	 ﾠboth	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠand	 ﾠspt6-ﾭ1004	 ﾠstrains,	 ﾠthe	 ﾠopen	 ﾠreading	 ﾠframe	 ﾠ
(ORF)	 ﾠof	 ﾠone	 ﾠof	 ﾠfour	 ﾠdifferent	 ﾠnon-ﾭ‐essential	 ﾠgenes	 ﾠ(CHA1,	 ﾠGLK1,	 ﾠBUD3,	 ﾠor	 ﾠVAC17)	 ﾠwas	 ﾠ
replaced	 ﾠwith	 ﾠthe	 ﾠURA3	 ﾠORF	 ﾠto	 ﾠcreate	 ﾠthe	 ﾠstrains	 ﾠyEL389,	 ﾠyEL391,	 ﾠyEL393,	 ﾠyEL395,	 ﾠ
yEL396,	 ﾠyEL398,	 ﾠyEL400,	 ﾠand	 ﾠyEL402	 ﾠ(Table	 ﾠ3-ﾭ‐1).	 ﾠ	 ﾠThe	 ﾠprimers	 ﾠused	 ﾠare	 ﾠshown	 ﾠin	 ﾠTable	 ﾠ3-ﾭ‐
2.	 ﾠ
pGAL1-ﾭCAN1	 ﾠmutagenesis	 ﾠassay:	 ﾠ	 ﾠStrains	 ﾠcontaining	 ﾠpGAL1-ﾭCAN1	 ﾠand	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠ
GAL80	 ﾠgene	 ﾠ(gal80Δ)	 ﾠwere	 ﾠkindly	 ﾠsupplied	 ﾠby	 ﾠSue	 ﾠJinks-ﾭ‐Robertson's	 ﾠlab	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭ1004	 ﾠmutation	 ﾠwas	 ﾠintroduced	 ﾠusing	 ﾠthe	 ﾠintegrating	 ﾠplasmid	 ﾠpCK25.	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Table	 ﾠ3-ﾭ1:	 ﾠYeast	 ﾠStrains	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter.	 ﾠ
Strain	 ﾠ	 ﾠ 	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Genotype	 ﾠ
	 ﾠ
FY1856	 ﾠ 	 ﾠ Mutagenesis	 ﾠassay	 ﾠ	 ﾠ 	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
strain	 ﾠconstruction	 ﾠ 	 ﾠ ura3Δ0	 ﾠ
	 ﾠ
yEL389	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠcha1Δ::URA3	 ﾠ
	 ﾠ
yEL391	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠcha1Δ::URA3	 ﾠspt6-ﾭ1004	 ﾠ
	 ﾠ
yEL393	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠglk1Δ::URA3	 ﾠ
	 ﾠ
yEL395	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠglk1Δ::URA3	 ﾠspt6-ﾭ1004	 ﾠ
	 ﾠ
yEL396	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠbud3Δ::URA3	 ﾠ
	 ﾠ
yEL398	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠbud3Δ::URA3	 ﾠspt6-ﾭ1004	 ﾠ
	 ﾠ
yEL400	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠvac17Δ::URA3	 ﾠ
	 ﾠ
yEL402	 ﾠ 	 ﾠ URA3	 ﾠmutagenesis	 ﾠassay,	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠlys2-ﾭ128δ	 ﾠleu2Δ0	 ﾠ	 ﾠ
Northern	 ﾠblot	 ﾠanalysis	 ﾠ ura3Δ0	 ﾠvac17Δ::URA3	 ﾠspt6-ﾭ1004	 ﾠ
	 ﾠ
yEL462	 ﾠ 	 ﾠ pGAL1-ﾭCAN1	 ﾠmutagenesis	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠura3ΔNco	 ﾠ
assay	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ade2-ﾭ101oc	 ﾠsuc2	 ﾠgal80Δ::HIS3	 ﾠ
	 ﾠ
yEL463	 ﾠ 	 ﾠ pGAL1-ﾭCAN1	 ﾠmutagenesis	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠura3ΔNco	 ﾠ
assay	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ade2-ﾭ101oc	 ﾠsuc2	 ﾠgal80Δ::HIS3	 ﾠ
spt6-ﾭ1004	 ﾠ
	 ﾠ
yEL464	 ﾠ 	 ﾠ pGAL1-ﾭCAN1	 ﾠmutagenesis	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠura3ΔNco	 ﾠ
assay	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ade2-ﾭ101oc	 ﾠsuc2	 ﾠgal80Δ::HIS3	 ﾠ
kanMX6/pGAL-ﾭCAN1	 ﾠ
	 ﾠ
yEL465	 ﾠ 	 ﾠ pGAL1-ﾭCAN1	 ﾠmutagenesis	 ﾠ	 ﾠ MATα	 ﾠhis3Δ200	 ﾠura3ΔNco	 ﾠ
assay	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ ade2-ﾭ101oc	 ﾠsuc2	 ﾠgal80Δ::HIS3	 ﾠ
kanMX6/pGAL-ﾭCAN1	 ﾠspt6-ﾭ1004	 ﾠ
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Table	 ﾠ3-ﾭ1:	 ﾠYeast	 ﾠStrains	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter	 ﾠ(Continued).	 ﾠ
	 ﾠ
Strain	 ﾠ	 ﾠ 	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Genotype	 ﾠ
	 ﾠ
yEL473	 ﾠ 	 ﾠ pTET-ﾭLYS2	 ﾠmutagenesis	 ﾠ	 ﾠ MATa	 ﾠura3-ﾭ52	 ﾠade2-ﾭ101oc	 ﾠ	 ﾠ
assay	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ trp1Δ1	 ﾠlys2Δ::hyg	 ﾠ	 ﾠ
leu2-ﾭK:TetR-ﾭSsn6:LEU	 ﾠ	 ﾠ
his4Δ::LYS2	 ﾠhis4Δ::lys2ΔA746NR,(AT)2	 ﾠ	 ﾠ
	 ﾠ
yEL474	 ﾠ 	 ﾠ pTET-ﾭLYS2	 ﾠmutagenesis	 ﾠ	 ﾠ MATa	 ﾠura3-ﾭ52	 ﾠade2-ﾭ101oc	 ﾠ	 ﾠ





yEL476	 ﾠ 	 ﾠ pTET-ﾭLYS2	 ﾠmutagenesis	 ﾠ	 ﾠ MATa	 ﾠura3-ﾭ52	 ﾠade2-ﾭ101oc	 ﾠ	 ﾠ






yEL477	 ﾠ 	 ﾠ pTET-ﾭLYS2	 ﾠmutagenesis	 ﾠ	 ﾠ MATa	 ﾠura3-ﾭ52	 ﾠade2-ﾭ101oc	 ﾠ	 ﾠ
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Table	 ﾠ3-ﾭ2:	 ﾠPrimers	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter.	 ﾠ
	 ﾠ
Primer	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Sequence	 ﾠ(5’	 ﾠto	 ﾠ3’)	 ﾠ
	 ﾠ
ELO59	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO60	 ﾠto	 ﾠ 	 ﾠ agtgctggatagacaagagacaggaaaatt	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠCHA1	 ﾠORF	 ﾠwith	 ﾠ aaccagcgagatgtcgaaagctacatataa	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
ELO60	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO59	 ﾠto	 ﾠ 	 ﾠ aagggcaaattgatgcttcaacgaaaaagtt	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠCHA1	 ﾠORF	 ﾠwith	 ﾠ attggattttagttttgctggccgcatct	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
ELO63	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO64	 ﾠto	 ﾠ 	 ﾠ accacaacaccaccactaatacaactctatca	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠGLK1	 ﾠORF	 ﾠwith	 ﾠ tacacaagatgtcgaaagctacatataa	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
ELO64	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO63	 ﾠto	 ﾠ 	 ﾠ acggtgggatacgtacacaaaccaaaaaaatg	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠGLK1	 ﾠORF	 ﾠwith	 ﾠ taaaaagatagttttgctggccgcatct	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
ELO67	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO68	 ﾠto	 ﾠ 	 ﾠ tgttatctggttgctaaaagagtatatttacacct	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠBUD3	 ﾠORF	 ﾠwith	 ﾠ caccaatgtcgaaagctacatataa	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
ELO68	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO67	 ﾠto	 ﾠ 	 ﾠ ttgcattaaattaaaaagaaaaaaaaaatcaata	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠBUD3	 ﾠORF	 ﾠwith	 ﾠ aaacactagttttgctggccgcatct	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ
ELO73	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO74	 ﾠto	 ﾠ 	 ﾠ aagaaacagctcgcataaggaaacaaggacaca	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠVAC17	 ﾠORF	 ﾠwith	 ﾠ tcgattaatgtcgaaagctacatataa	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
ELO74	 ﾠ	 ﾠ Use	 ﾠwith	 ﾠELO73	 ﾠto	 ﾠ 	 ﾠ tggagcaaaagaagagtaggttaggtaaaggaggc	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ replace	 ﾠVAC17	 ﾠORF	 ﾠwith	 ﾠ attaatagttttgctggccgcatct	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ URA3	 ﾠORF	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
FO1324	 ﾠ Use	 ﾠwith	 ﾠFO1325	 ﾠto	 ﾠ 	 ﾠ ggccctgatgataatg	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ amplify	 ﾠ190	 ﾠbp	 ﾠof	 ﾠSNR190	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ ORF	 ﾠas	 ﾠtemplate	 ﾠfor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Northern	 ﾠblot	 ﾠprobe	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
FO1325	 ﾠ Use	 ﾠwith	 ﾠFO1324	 ﾠto	 ﾠ 	 ﾠ ggctcagatctgcatg	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ amplify	 ﾠ190	 ﾠbp	 ﾠof	 ﾠSNR190	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ ORF	 ﾠas	 ﾠtemplate	 ﾠfor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Northern	 ﾠblot	 ﾠprobe	 ﾠ-ﾭ‐	 ﾠ3'	 ﾠ
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Table	 ﾠ3-ﾭ2:	 ﾠPrimers	 ﾠUsed	 ﾠIn	 ﾠThis	 ﾠChapter	 ﾠ(Continued).	 ﾠ
	 ﾠ
Primer	 ﾠ Purpose	 ﾠ 	 ﾠ 	 ﾠ Sequence	 ﾠ(5’	 ﾠto	 ﾠ3’)	 ﾠ
	 ﾠ
FO3672	 ﾠ Use	 ﾠwith	 ﾠFO3673	 ﾠto	 ﾠ 	 ﾠ gcaagggctccctagctact	 ﾠ	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ amplify	 ﾠ175	 ﾠbp	 ﾠof	 ﾠURA3	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ ORF	 ﾠas	 ﾠtemplate	 ﾠfor	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ Northern	 ﾠblot	 ﾠprobe	 ﾠ-ﾭ‐	 ﾠ5'	 ﾠ
	 ﾠ
FO3673	 ﾠ Use	 ﾠwith	 ﾠFO3672	 ﾠto	 ﾠ 	 ﾠ aatgcgtctcccttgtcatc	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ amplify	 ﾠ175	 ﾠbp	 ﾠof	 ﾠURA3	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ ORF	 ﾠas	 ﾠtemplate	 ﾠfor	 ﾠ	 ﾠ
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The	 ﾠstrains	 ﾠused	 ﾠfor	 ﾠthis	 ﾠmutagenesis	 ﾠassay	 ﾠwere	 ﾠyEL462,	 ﾠyEL463,	 ﾠyEL464	 ﾠand	 ﾠyEL465	 ﾠ
(Table	 ﾠ3-ﾭ‐1).	 ﾠ
	 ﾠ pTET-ﾭLYS2	 ﾠmutagenesis	 ﾠassay:	 ﾠ	 ﾠStrains	 ﾠcontaining	 ﾠpTET-ﾭLYS2	 ﾠwere	 ﾠkindly	 ﾠsupplied	 ﾠ
by	 ﾠSue	 ﾠJinks-ﾭ‐Robertson's	 ﾠlab	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭ1004	 ﾠmutation	 ﾠwas	 ﾠintroduced	 ﾠ
using	 ﾠthe	 ﾠintegrating	 ﾠplasmid	 ﾠpCK25.	 ﾠ	 ﾠThe	 ﾠstrains	 ﾠused	 ﾠfor	 ﾠthis	 ﾠmutagenesis	 ﾠassay	 ﾠwere	 ﾠ
yEL473,	 ﾠyEL474,	 ﾠyEL476,	 ﾠand	 ﾠyEL477	 ﾠ(Table	 ﾠ3-ﾭ‐1).	 ﾠ
	 ﾠ
Growth	 ﾠof	 ﾠStrains	 ﾠfor	 ﾠTAM	 ﾠAnalysis	 ﾠ
The	 ﾠmutagenesis	 ﾠassay	 ﾠprotocols	 ﾠwere	 ﾠoptimized	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠstarting	 ﾠcell	 ﾠ
dilution	 ﾠ(103	 ﾠcells/ml	 ﾠor	 ﾠ106	 ﾠcells/ml),	 ﾠgrowth	 ﾠtime	 ﾠuntil	 ﾠheat	 ﾠshock	 ﾠ(3	 ﾠhours	 ﾠor	 ﾠ5	 ﾠhours),	 ﾠ
length	 ﾠof	 ﾠheat	 ﾠshock	 ﾠ(80,	 ﾠ100,	 ﾠ120,	 ﾠ150	 ﾠminutes,	 ﾠ3.5,	 ﾠ8,	 ﾠ24,	 ﾠor	 ﾠ48	 ﾠhours),	 ﾠtemperature	 ﾠof	 ﾠ
heat	 ﾠshock	 ﾠ(30,	 ﾠ32,	 ﾠ34,	 ﾠ36,	 ﾠor	 ﾠ37°C)	 ﾠand	 ﾠlength	 ﾠof	 ﾠgrow-ﾭ‐out	 ﾠafter	 ﾠheat	 ﾠshock	 ﾠ(0,	 ﾠ5,	 ﾠ12,	 ﾠ22,	 ﾠ30,	 ﾠ
36,	 ﾠ50,	 ﾠor	 ﾠ72	 ﾠhours).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠoptimized	 ﾠprotocol,	 ﾠcultures	 ﾠderived	 ﾠfrom	 ﾠsingle	 ﾠyeast	 ﾠcolonies	 ﾠ
were	 ﾠgrown	 ﾠuntil	 ﾠsaturated	 ﾠand	 ﾠthen	 ﾠdiluted	 ﾠback	 ﾠto	 ﾠ103	 ﾠcells/ml.	 ﾠ	 ﾠAfter	 ﾠfive	 ﾠhours	 ﾠof	 ﾠ
growth	 ﾠat	 ﾠ30°C,	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠcultures	 ﾠwere	 ﾠshifted	 ﾠto	 ﾠ37°C	 ﾠfor	 ﾠ80	 ﾠminutes	 ﾠto	 ﾠinactivate	 ﾠthe	 ﾠ
temperature-ﾭ‐sensitive	 ﾠSpt6-ﾭ‐1004	 ﾠprotein.	 ﾠ	 ﾠCells	 ﾠwere	 ﾠthen	 ﾠreturned	 ﾠto	 ﾠ30°C	 ﾠand	 ﾠgrown	 ﾠto	 ﾠ
saturation	 ﾠfor	 ﾠtwo	 ﾠto	 ﾠthree	 ﾠdays.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠURA3-ﾭ‐based	 ﾠmutagenesis	 ﾠassay,	 ﾠcells	 ﾠwere	 ﾠplated	 ﾠ
on	 ﾠ5-ﾭ‐fluoroorotic	 ﾠacid	 ﾠ(5-ﾭ‐FOA)	 ﾠ(to	 ﾠdetect	 ﾠmutations	 ﾠin	 ﾠURA3)	 ﾠand	 ﾠon	 ﾠrich	 ﾠmedium	 ﾠ(to	 ﾠ
measure	 ﾠcell	 ﾠviability).	 ﾠ	 ﾠThe	 ﾠnumber	 ﾠof	 ﾠcolonies	 ﾠfor	 ﾠeach	 ﾠstrain	 ﾠand	 ﾠcondition	 ﾠwere	 ﾠcounted	 ﾠ
and	 ﾠused	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠmutation	 ﾠfrequency.	 ﾠ
For	 ﾠthe	 ﾠother	 ﾠmutagenesis	 ﾠassays,	 ﾠa	 ﾠsimilar	 ﾠprotocol	 ﾠwas	 ﾠused.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠpGAL1-ﾭCAN1	 ﾠ
system,	 ﾠcells	 ﾠwere	 ﾠgrown	 ﾠin	 ﾠYPGE	 ﾠmedium	 ﾠ(rich	 ﾠmedium	 ﾠwith	 ﾠethanol	 ﾠand	 ﾠglycerol	 ﾠas	 ﾠthe	 ﾠ
carbon	 ﾠsource).	 ﾠ	 ﾠCells	 ﾠwere	 ﾠthen	 ﾠplated	 ﾠon	 ﾠcanavanine	 ﾠ(to	 ﾠdetect	 ﾠmutations	 ﾠin	 ﾠCAN1)	 ﾠand	 ﾠon	 ﾠ	 ﾠ 140	 ﾠ
rich	 ﾠmedium	 ﾠ(to	 ﾠmeasure	 ﾠcell	 ﾠviability).	 ﾠ	 ﾠLastly,	 ﾠfor	 ﾠthe	 ﾠpTET-ﾭLYS2	 ﾠsystem,	 ﾠcells	 ﾠwere	 ﾠgrown	 ﾠ
in	 ﾠrich	 ﾠmedium.	 ﾠ	 ﾠCells	 ﾠwere	 ﾠthen	 ﾠplated	 ﾠon	 ﾠmedium	 ﾠlacking	 ﾠlysine	 ﾠ(SC-ﾭ‐Lys,	 ﾠto	 ﾠdetect	 ﾠ
mutations	 ﾠin	 ﾠa	 ﾠmutant	 ﾠlys2	 ﾠallele	 ﾠcontaining	 ﾠa	 ﾠframeshift	 ﾠmutation)	 ﾠand	 ﾠon	 ﾠrich	 ﾠmedium	 ﾠ(to	 ﾠ
measure	 ﾠcell	 ﾠviability).	 ﾠ
	 ﾠ
Northern	 ﾠBlot	 ﾠAnalysis	 ﾠ
RNA	 ﾠextraction	 ﾠand	 ﾠNorthern	 ﾠhybridization	 ﾠexperiments	 ﾠwere	 ﾠperformed	 ﾠas	 ﾠ
previously	 ﾠdescribed	 ﾠ(Ausubel	 ﾠet	 ﾠal.,	 ﾠ1987).	 ﾠ	 ﾠStrains	 ﾠwere	 ﾠgrown	 ﾠunder	 ﾠthe	 ﾠsame	 ﾠconditions	 ﾠ
used	 ﾠfor	 ﾠthe	 ﾠTAM	 ﾠassays.	 ﾠ	 ﾠNorthern	 ﾠblot	 ﾠanalysis	 ﾠwas	 ﾠperformed	 ﾠwith	 ﾠprobes	 ﾠto	 ﾠthe	 ﾠORFs	 ﾠof	 ﾠ
URA3	 ﾠ(+464	 ﾠto	 ﾠ+638,	 ﾠwhere	 ﾠ+1	 ﾠis	 ﾠthe	 ﾠATG),	 ﾠand	 ﾠthe	 ﾠloading	 ﾠcontrol,	 ﾠSNR190	 ﾠ(+1	 ﾠto	 ﾠ+190).	 ﾠ	 ﾠ




Analysis	 ﾠof	 ﾠthe	 ﾠRole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠTAM	 ﾠUsing	 ﾠa	 ﾠURA3-ﾭbased	 ﾠMutagenesis	 ﾠAssay	 ﾠ
As	 ﾠa	 ﾠfirst	 ﾠstep	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠSpt6	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠTAM,	 ﾠwe	 ﾠdeveloped	 ﾠa	 ﾠ	 ﾠ
mutagenesis	 ﾠassay	 ﾠusing	 ﾠthe	 ﾠURA3	 ﾠgene	 ﾠas	 ﾠa	 ﾠreporter	 ﾠ(Figure	 ﾠ3-ﾭ‐1A).	 ﾠ	 ﾠWild-ﾭ‐type	 ﾠand	 ﾠ	 ﾠ
spt6-ﾭ1004	 ﾠstrains	 ﾠwere	 ﾠconstructed	 ﾠwith	 ﾠthe	 ﾠURA3	 ﾠORF	 ﾠreplacing	 ﾠthe	 ﾠORF	 ﾠof	 ﾠone	 ﾠof	 ﾠfour	 ﾠ
different	 ﾠnon-ﾭ‐essential	 ﾠgenes	 ﾠon	 ﾠchromosome	 ﾠIII:	 ﾠCHA1,	 ﾠGLK1,	 ﾠBUD3,	 ﾠor	 ﾠVAC17.	 ﾠ	 ﾠCHA1	 ﾠand	 ﾠ
GLK1	 ﾠare	 ﾠboth	 ﾠhighly	 ﾠtranscribed	 ﾠgenes	 ﾠthat	 ﾠexperience	 ﾠhigh	 ﾠnucleosome	 ﾠloss	 ﾠin	 ﾠan	 ﾠspt6-ﾭ
1004	 ﾠmutant,	 ﾠwhile	 ﾠBUD3	 ﾠand	 ﾠVAC17	 ﾠare	 ﾠboth	 ﾠlowly	 ﾠtranscribed	 ﾠgenes	 ﾠthat	 ﾠundergo	 ﾠlittle	 ﾠ
nucleosome	 ﾠloss	 ﾠin	 ﾠan	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠBased	 ﾠon	 ﾠpromoter-ﾭ‐







Figure	 ﾠ3-ﾭ1:	 ﾠMutations	 ﾠin	 ﾠspt6	 ﾠappear	 ﾠto	 ﾠcause	 ﾠincreased	 ﾠtranscription-ﾭassociated	 ﾠ
mutagenesis	 ﾠat	 ﾠsome	 ﾠloci.	 ﾠ	 ﾠA.	 ﾠStrategy	 ﾠfor	 ﾠthe	 ﾠURA3	 ﾠreporter	 ﾠsystem	 ﾠfor	 ﾠdetecting	 ﾠTAM.	 ﾠ	 ﾠ
The	 ﾠURA3	 ﾠORF	 ﾠwas	 ﾠinserted	 ﾠinto	 ﾠeither	 ﾠa	 ﾠwild-ﾭ‐type	 ﾠstrain	 ﾠor	 ﾠan	 ﾠspt6-ﾭ1004	 ﾠmutant,	 ﾠreplacing	 ﾠ
the	 ﾠORF	 ﾠof	 ﾠthe	 ﾠendogenous	 ﾠgene.	 ﾠ	 ﾠIncreased	 ﾠmutagenesis	 ﾠin	 ﾠURA3	 ﾠwould	 ﾠresult	 ﾠin	 ﾠa	 ﾠhigher	 ﾠ
frequency	 ﾠof	 ﾠcolonies	 ﾠwith	 ﾠnon-ﾭ‐functional	 ﾠURA3	 ﾠand,	 ﾠtherefore,	 ﾠthat	 ﾠhave	 ﾠbecome	 ﾠresistant	 ﾠ
to	 ﾠ5-ﾭ‐FOA.	 ﾠ	 ﾠB.	 ﾠMeasurement	 ﾠof	 ﾠthe	 ﾠfrequency	 ﾠof	 ﾠ5-ﾭ‐FOAR	 ﾠcolonies	 ﾠin	 ﾠSPT6	 ﾠ(wt)	 ﾠand	 ﾠspt6-ﾭ1004	 ﾠ
strains	 ﾠgrown	 ﾠat	 ﾠ30°C	 ﾠor	 ﾠwith	 ﾠa	 ﾠshift	 ﾠto	 ﾠ37°C,	 ﾠfollowing	 ﾠthe	 ﾠprotocol	 ﾠdescribed	 ﾠin	 ﾠMaterials	 ﾠ
and	 ﾠMethods.	 ﾠ	 ﾠEach	 ﾠvalue	 ﾠrepresents	 ﾠthe	 ﾠaverage	 ﾠof	 ﾠresults	 ﾠfrom	 ﾠfour	 ﾠseparate	 ﾠexperiments	 ﾠ
for	 ﾠthe	 ﾠGLK1	 ﾠand	 ﾠVAC17	 ﾠstrains	 ﾠand	 ﾠten	 ﾠseparate	 ﾠexperiments	 ﾠfor	 ﾠthe	 ﾠCHA1	 ﾠand	 ﾠBUD3	 ﾠ
strains.	 ﾠ	 ﾠThe	 ﾠerror	 ﾠbars	 ﾠshow	 ﾠthe	 ﾠstandard	 ﾠerror.	 ﾠ(Abbreviation:	 ﾠcfu,	 ﾠcolony-ﾭ‐forming	 ﾠunit)	 ﾠ
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Figure	 ﾠ3-ﾭ1:	 ﾠMutations	 ﾠin	 ﾠspt6	 ﾠappear	 ﾠto	 ﾠcause	 ﾠincreased	 ﾠtranscription-ﾭassociated	 ﾠ
mutagenesis	 ﾠat	 ﾠsome	 ﾠloci	 ﾠ(Continued).	 ﾠ
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appear	 ﾠto	 ﾠbe	 ﾠthe	 ﾠmain	 ﾠdeterminant	 ﾠfor	 ﾠnucleosome	 ﾠloss	 ﾠover	 ﾠthe	 ﾠORF.	 ﾠ	 ﾠAn	 ﾠimportant	 ﾠ
assumption	 ﾠin	 ﾠthis	 ﾠexperiment	 ﾠis	 ﾠthat,	 ﾠgiven	 ﾠthat	 ﾠthe	 ﾠpromoters	 ﾠof	 ﾠthese	 ﾠgenes	 ﾠdetermine	 ﾠ
nucleosome	 ﾠoccupancy,	 ﾠthe	 ﾠdegree	 ﾠof	 ﾠnucleosome	 ﾠloss	 ﾠwill	 ﾠbe	 ﾠsimilar	 ﾠover	 ﾠthe	 ﾠURA3	 ﾠORF	 ﾠas	 ﾠ
over	 ﾠthe	 ﾠendogenous	 ﾠgene.	 ﾠ	 ﾠ	 ﾠ
If	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠpreventing	 ﾠTAM,	 ﾠI	 ﾠexpected	 ﾠthe	 ﾠCHA1::URA3	 ﾠand	 ﾠGLK1::URA3	 ﾠ
constructs	 ﾠto	 ﾠhave	 ﾠincreased	 ﾠmutagenesis	 ﾠin	 ﾠan	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠcompared	 ﾠto	 ﾠwild	 ﾠtype,	 ﾠ
particularly	 ﾠafter	 ﾠa	 ﾠshift	 ﾠto	 ﾠ37°C,	 ﾠthe	 ﾠnon-ﾭ‐permissive	 ﾠtemperature	 ﾠfor	 ﾠspt6-ﾭ1004.	 ﾠ	 ﾠOur	 ﾠ
hypothesis	 ﾠalso	 ﾠpredicted	 ﾠthat	 ﾠBUD3::URA3	 ﾠand	 ﾠVAC17::URA3	 ﾠwould	 ﾠshow	 ﾠlittle	 ﾠor	 ﾠno	 ﾠ
increase	 ﾠin	 ﾠmutagenesis	 ﾠin	 ﾠan	 ﾠspt6-ﾭ1004	 ﾠmutant.	 ﾠ
While	 ﾠsome	 ﾠresults	 ﾠsupported	 ﾠour	 ﾠhypothesis,	 ﾠothers	 ﾠdid	 ﾠnot.	 ﾠ	 ﾠFirst,	 ﾠit	 ﾠshould	 ﾠbe	 ﾠ
noted	 ﾠthat	 ﾠall	 ﾠmutagenesis	 ﾠassays	 ﾠwere	 ﾠhighly	 ﾠreproducible,	 ﾠas	 ﾠindicated	 ﾠby	 ﾠthe	 ﾠerror	 ﾠbars	 ﾠ
associated	 ﾠwith	 ﾠthe	 ﾠdata.	 ﾠ	 ﾠThe	 ﾠmost	 ﾠinteresting	 ﾠresults	 ﾠwere	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠsamples	 ﾠ
(shown	 ﾠin	 ﾠred)	 ﾠwhich	 ﾠhad	 ﾠundergone	 ﾠa	 ﾠshift	 ﾠto	 ﾠ37°C	 ﾠto	 ﾠreduce	 ﾠSpt6	 ﾠfunction	 ﾠ(Figure	 ﾠ3-ﾭ‐1B).	 ﾠ	 ﾠ
As	 ﾠpredicted,	 ﾠwe	 ﾠsaw	 ﾠa	 ﾠsignificantly	 ﾠhigher	 ﾠlevel	 ﾠof	 ﾠmutagenesis	 ﾠin	 ﾠthe	 ﾠCHA1::URA3	 ﾠspt6-ﾭ
1004	 ﾠstrain	 ﾠthat	 ﾠhad	 ﾠundergone	 ﾠa	 ﾠtemperature	 ﾠshift.	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠhighly	 ﾠexpressed	 ﾠ
GLK1::URA3	 ﾠconstruct	 ﾠbehaved	 ﾠdifferently	 ﾠthan	 ﾠCHA1::URA3	 ﾠin	 ﾠan	 ﾠspt6-ﾭ1004	 ﾠmutant,	 ﾠ
showing	 ﾠlow	 ﾠlevels	 ﾠof	 ﾠmutagenesis	 ﾠequivalent	 ﾠto	 ﾠwild	 ﾠtype.	 ﾠ	 ﾠAs	 ﾠexpected,	 ﾠthe	 ﾠlowly	 ﾠ
transcribed	 ﾠBUD3::URA3	 ﾠand	 ﾠVAC17::URA3	 ﾠconstructs	 ﾠboth	 ﾠshowed	 ﾠa	 ﾠlow	 ﾠmutagenesis	 ﾠlevel	 ﾠ
in	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠand	 ﾠspt6-ﾭ1004	 ﾠbackground.	 ﾠ	 ﾠOverall,	 ﾠresults	 ﾠfrom	 ﾠthis	 ﾠassay	 ﾠfollowing	 ﾠheat	 ﾠ
shock	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutation	 ﾠincreases	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠ
at	 ﾠsome	 ﾠbut	 ﾠnot	 ﾠall	 ﾠhighly-ﾭ‐transcribed	 ﾠgenes.	 ﾠ
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In	 ﾠaddition,	 ﾠresults	 ﾠfrom	 ﾠthe	 ﾠstrains	 ﾠthat	 ﾠhad	 ﾠnot	 ﾠundergone	 ﾠheat	 ﾠshock	 ﾠ(shown	 ﾠin	 ﾠ
blue)	 ﾠwere	 ﾠequally	 ﾠunexpected	 ﾠ(Figure	 ﾠ3-ﾭ‐1B).	 ﾠ	 ﾠFor	 ﾠCHA1::URA3	 ﾠstrains	 ﾠwhich	 ﾠwere	 ﾠnot	 ﾠ
exposed	 ﾠto	 ﾠheat	 ﾠshock,	 ﾠTAM	 ﾠwas	 ﾠhigh	 ﾠin	 ﾠboth	 ﾠwild-ﾭ‐type	 ﾠand	 ﾠspt6-ﾭ1004	 ﾠbackgrounds	 ﾠwith	 ﾠa	 ﾠ
small	 ﾠdecrease	 ﾠin	 ﾠspt6-ﾭ1004.	 ﾠ	 ﾠAll	 ﾠother	 ﾠTAM	 ﾠvalues	 ﾠfor	 ﾠthe	 ﾠstrains	 ﾠthat	 ﾠhad	 ﾠnot	 ﾠexperienced	 ﾠ
heat	 ﾠshock	 ﾠwere	 ﾠlow,	 ﾠexcept	 ﾠfor	 ﾠthose	 ﾠfor	 ﾠthe	 ﾠVAC17::URA3	 ﾠspt6-ﾭ1004	 ﾠstrain.	 ﾠ	 ﾠAlthough	 ﾠthe	 ﾠ
reason	 ﾠfor	 ﾠthese	 ﾠresults	 ﾠis	 ﾠunclear,	 ﾠit	 ﾠshows	 ﾠthat	 ﾠdifferent	 ﾠoutcomes	 ﾠoccur	 ﾠat	 ﾠ30°C	 ﾠversus	 ﾠ
37°C.	 ﾠ	 ﾠThis	 ﾠcould	 ﾠbe	 ﾠdue	 ﾠto	 ﾠinvolvement	 ﾠof	 ﾠthe	 ﾠheat	 ﾠshock	 ﾠresponse,	 ﾠwhich	 ﾠmay	 ﾠaffect	 ﾠTAM.	 ﾠ	 ﾠ
Overall,	 ﾠthese	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠTAM	 ﾠis	 ﾠmore	 ﾠcomplex	 ﾠthan	 ﾠexpected.	 ﾠ
To	 ﾠtest	 ﾠif	 ﾠthe	 ﾠdifferent	 ﾠeffects	 ﾠat	 ﾠCHA1	 ﾠand	 ﾠGLK1	 ﾠmight	 ﾠbe	 ﾠdue	 ﾠto	 ﾠdifferent	 ﾠ
transcription	 ﾠlevels,	 ﾠI	 ﾠperformed	 ﾠa	 ﾠNorthern	 ﾠblot	 ﾠanalysis	 ﾠof	 ﾠURA3	 ﾠmRNA	 ﾠlevels	 ﾠin	 ﾠthese	 ﾠ
strains	 ﾠ(Figure	 ﾠ3-ﾭ‐2).	 ﾠ	 ﾠPlease	 ﾠnote	 ﾠthat	 ﾠthis	 ﾠexperiment	 ﾠwas	 ﾠdone	 ﾠonly	 ﾠone	 ﾠtime	 ﾠso	 ﾠthe	 ﾠresults	 ﾠ
must	 ﾠbe	 ﾠconsidered	 ﾠas	 ﾠpreliminary.	 ﾠ	 ﾠThis	 ﾠexperiment	 ﾠsuggests	 ﾠthat	 ﾠthere	 ﾠare	 ﾠmuch	 ﾠhigher	 ﾠ
URA3	 ﾠmRNA	 ﾠlevels	 ﾠat	 ﾠCHA1::URA3	 ﾠcompared	 ﾠto	 ﾠGLK1::URA3,	 ﾠpossibly	 ﾠexplaining	 ﾠthe	 ﾠ
differences	 ﾠobserved	 ﾠbetween	 ﾠCHA1::URA3	 ﾠand	 ﾠGLK1::URA3	 ﾠin	 ﾠthe	 ﾠmutagenesis	 ﾠassay.	 ﾠ	 ﾠ
URA3	 ﾠmRNA	 ﾠlevels	 ﾠwere	 ﾠlow	 ﾠat	 ﾠBUD3::URA3	 ﾠand	 ﾠVAC17::URA3	 ﾠas	 ﾠexpected.	 ﾠ
To	 ﾠsummarize	 ﾠthe	 ﾠresults	 ﾠfrom	 ﾠthe	 ﾠURA3	 ﾠTAM	 ﾠassay,	 ﾠafter	 ﾠa	 ﾠtemperature	 ﾠshift	 ﾠof	 ﾠan	 ﾠ
spt6-ﾭ1004	 ﾠmutant	 ﾠto	 ﾠinactivate	 ﾠSpt6,	 ﾠI	 ﾠobserved	 ﾠa	 ﾠ9-ﾭ‐fold	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠmutations	 ﾠin	 ﾠ
the	 ﾠhighly	 ﾠtranscribed	 ﾠgene	 ﾠCHA1::URA3	 ﾠconstruct.	 ﾠ	 ﾠHowever,	 ﾠthis	 ﾠeffect	 ﾠwas	 ﾠnot	 ﾠobserved	 ﾠ
at	 ﾠGLK1::URA3.	 ﾠ	 ﾠBased	 ﾠon	 ﾠa	 ﾠpreliminary	 ﾠNorthern	 ﾠblot	 ﾠexperiment,	 ﾠthis	 ﾠdiscrepancy	 ﾠmay	 ﾠbe	 ﾠ
explained	 ﾠby	 ﾠmRNA	 ﾠtranscription	 ﾠlevels	 ﾠwhich	 ﾠare	 ﾠmuch	 ﾠhigher	 ﾠfor	 ﾠCHA1::URA3	 ﾠcompared	 ﾠ
to	 ﾠGLK1::URA3.	 ﾠ	 ﾠTAM	 ﾠlevels	 ﾠwere	 ﾠlow	 ﾠat	 ﾠthe	 ﾠBUD3	 ﾠand	 ﾠVAC17	 ﾠloci	 ﾠas	 ﾠexpected.	 ﾠ	 ﾠTherefore,	 ﾠ
TAM	 ﾠreporters	 ﾠat	 ﾠthree	 ﾠout	 ﾠof	 ﾠthe	 ﾠfour	 ﾠgenes	 ﾠexamined	 ﾠbehaved	 ﾠas	 ﾠwould	 ﾠbe	 ﾠexpected	 ﾠif	 ﾠ
Spt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠpreventing	 ﾠTAM.	 ﾠ	 ﾠ 145	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Figure	 ﾠ3-ﾭ2:	 ﾠPreliminary	 ﾠNorthern	 ﾠblot	 ﾠanalysis	 ﾠfor	 ﾠURA3	 ﾠtranscript	 ﾠlevels	 ﾠin	 ﾠthe	 ﾠURA3	 ﾠ
TAM	 ﾠassay.	 ﾠ	 ﾠPreliminary	 ﾠNorthern	 ﾠblot	 ﾠof	 ﾠthe	 ﾠstrains	 ﾠused	 ﾠfor	 ﾠthe	 ﾠURA3	 ﾠTAM	 ﾠassay.	 ﾠ	 ﾠ
SNR190	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠloading	 ﾠcontrol.	 ﾠ	 ﾠAs	 ﾠcan	 ﾠbe	 ﾠseen	 ﾠin	 ﾠthe	 ﾠSNR190	 ﾠpanel,	 ﾠthe	 ﾠoverall	 ﾠ
mRNA	 ﾠloading	 ﾠis	 ﾠslightly	 ﾠuneven	 ﾠand	 ﾠshould	 ﾠbe	 ﾠtaken	 ﾠinto	 ﾠaccount	 ﾠwhen	 ﾠmaking	 ﾠ
conclusions	 ﾠregarding	 ﾠthe	 ﾠURA3	 ﾠtranscript	 ﾠlevels.	 ﾠ	 ﾠIt	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠthis	 ﾠexperiment	 ﾠ
was	 ﾠonly	 ﾠdone	 ﾠonce.	 ﾠ	 ﾠThe	 ﾠtwo	 ﾠupper	 ﾠbands	 ﾠmarked	 ﾠby	 ﾠasterisks	 ﾠ(*)	 ﾠare	 ﾠcaused	 ﾠby	 ﾠnon-ﾭ‐
specific	 ﾠbinding	 ﾠof	 ﾠthe	 ﾠURA3	 ﾠprobe	 ﾠto	 ﾠ25S	 ﾠand	 ﾠ18S	 ﾠrRNA	 ﾠwhich	 ﾠare	 ﾠhighly	 ﾠabundant	 ﾠin	 ﾠRNA	 ﾠ
preps.	 ﾠ
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Analysis	 ﾠof	 ﾠthe	 ﾠRole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠTAM	 ﾠUsing	 ﾠa	 ﾠCAN1-ﾭbased	 ﾠMutagenesis	 ﾠAssay	 ﾠ
To	 ﾠtest	 ﾠfurther	 ﾠfor	 ﾠa	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠTAM,	 ﾠI	 ﾠturned	 ﾠto	 ﾠTAM	 ﾠassays	 ﾠthat	 ﾠwere	 ﾠwell-ﾭ‐
established	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMischo	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠThese	 ﾠassays	 ﾠemploy	 ﾠCAN1	 ﾠor	 ﾠLYS2-ﾭ‐based	 ﾠreporters	 ﾠto	 ﾠdetect	 ﾠeffects	 ﾠon	 ﾠTAM.	 ﾠ	 ﾠ
While	 ﾠthe	 ﾠURA3	 ﾠmutagenesis	 ﾠsystem	 ﾠis	 ﾠuseful	 ﾠbecause	 ﾠit	 ﾠemploys	 ﾠloci	 ﾠwhere	 ﾠthe	 ﾠ
nucleosome	 ﾠloss	 ﾠpatterns	 ﾠin	 ﾠan	 ﾠspt6	 ﾠmutant	 ﾠare	 ﾠknown,	 ﾠthese	 ﾠalternative	 ﾠsystems	 ﾠare	 ﾠ
better-ﾭ‐established.	 ﾠ	 ﾠThey	 ﾠare	 ﾠalso	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠmore	 ﾠsensitive	 ﾠgiven	 ﾠ1)	 ﾠthe	 ﾠhuge	 ﾠchange	 ﾠin	 ﾠ
transcription	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠattained	 ﾠwith	 ﾠinducible	 ﾠpromoters,	 ﾠand	 ﾠ2)	 ﾠthe	 ﾠlarge	 ﾠmagnitude	 ﾠof	 ﾠ
TAM	 ﾠeffects	 ﾠseen	 ﾠwith	 ﾠthese	 ﾠassays	 ﾠ(20-ﾭ‐fold	 ﾠto	 ﾠ70-ﾭ‐fold	 ﾠcompared	 ﾠto	 ﾠ9-ﾭ‐fold	 ﾠfor	 ﾠthe	 ﾠURA3	 ﾠ
assay)	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMischo	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠUsing	 ﾠseveral	 ﾠ
different	 ﾠmutagenesis	 ﾠassays	 ﾠwould	 ﾠenable	 ﾠme	 ﾠto	 ﾠexamine	 ﾠthe	 ﾠpossible	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠTAM	 ﾠ
more	 ﾠcomprehensively.	 ﾠ
Previous	 ﾠstudies	 ﾠhave	 ﾠused	 ﾠthe	 ﾠCAN1	 ﾠgene	 ﾠunder	 ﾠthe	 ﾠcontrol	 ﾠof	 ﾠan	 ﾠinducible	 ﾠ
promoter	 ﾠ(either	 ﾠgalactose	 ﾠor	 ﾠtetracycline-ﾭ‐inducible)	 ﾠto	 ﾠdetermine	 ﾠmutagenesis	 ﾠrates	 ﾠ
under	 ﾠhigh	 ﾠand	 ﾠlow	 ﾠtranscription	 ﾠconditions	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
The	 ﾠread-ﾭ‐out	 ﾠfor	 ﾠmutagenesis	 ﾠin	 ﾠthis	 ﾠsystem	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcanavanine-ﾭ‐resistant	 ﾠ
colonies,	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠmutations	 ﾠin	 ﾠCAN1.	 ﾠ	 ﾠTo	 ﾠuse	 ﾠthis	 ﾠtype	 ﾠof	 ﾠsystem,	 ﾠI	 ﾠreplaced	 ﾠthe	 ﾠwild-ﾭ‐
type	 ﾠSPT6	 ﾠgene	 ﾠwith	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠin	 ﾠthese	 ﾠstrains	 ﾠin	 ﾠorder	 ﾠto	 ﾠassay	 ﾠits	 ﾠeffect	 ﾠon	 ﾠ
TAM,	 ﾠas	 ﾠmeasured	 ﾠby	 ﾠthis	 ﾠsystem.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ The	 ﾠCAN1-ﾭ‐based	 ﾠsystem	 ﾠI	 ﾠused	 ﾠemployed	 ﾠa	 ﾠgalactose-ﾭ‐inducible	 ﾠpromoter	 ﾠto	 ﾠcontrol	 ﾠ
CAN1	 ﾠtranscription	 ﾠ(referred	 ﾠto	 ﾠhere	 ﾠas	 ﾠpGAL1-ﾭCAN1)	 ﾠ(Figure	 ﾠ3-ﾭ‐3A)	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
In	 ﾠthe	 ﾠcontrol	 ﾠstrain	 ﾠ(pCAN1-ﾭCAN1),	 ﾠCAN1	 ﾠis	 ﾠtranscribed	 ﾠat	 ﾠa	 ﾠlow	 ﾠlevel	 ﾠunder	 ﾠthe	 ﾠcontrol	 ﾠof	 ﾠ







Figure	 ﾠ3-ﾭ3:	 ﾠEffect	 ﾠof	 ﾠspt6-ﾭ1004	 ﾠon	 ﾠthe	 ﾠpGAL1-ﾭCAN1	 ﾠTAM	 ﾠassay.	 ﾠ	 ﾠA.	 ﾠStrategy	 ﾠfor	 ﾠthe	 ﾠ
pGAL1-ﾭCAN1	 ﾠreporter	 ﾠsystem	 ﾠfor	 ﾠdetecting	 ﾠTAM.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠsystem,	 ﾠtranscription	 ﾠof	 ﾠthe	 ﾠCAN1	 ﾠ
ORF	 ﾠis	 ﾠcontrolled	 ﾠeither	 ﾠby	 ﾠits	 ﾠendogenous	 ﾠpromoter	 ﾠ(low	 ﾠtranscription)	 ﾠor	 ﾠby	 ﾠthe	 ﾠGAL1	 ﾠ
promoter	 ﾠ(high	 ﾠtranscription).	 ﾠ	 ﾠThe	 ﾠGAL80	 ﾠgene	 ﾠis	 ﾠdeleted	 ﾠto	 ﾠallow	 ﾠfor	 ﾠconstitutive	 ﾠ
expression	 ﾠof	 ﾠthe	 ﾠGAL1	 ﾠpromoter.	 ﾠ	 ﾠIncreased	 ﾠmutagenesis	 ﾠof	 ﾠCAN1	 ﾠwill	 ﾠresult	 ﾠin	 ﾠa	 ﾠhigher	 ﾠ
frequency	 ﾠof	 ﾠCanR	 ﾠcolonies.	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠTakahashi	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠ	 ﾠB.	 ﾠMeasurement	 ﾠof	 ﾠ
the	 ﾠfrequency	 ﾠof	 ﾠCanR	 ﾠcolonies	 ﾠin	 ﾠSPT6	 ﾠ(wt)	 ﾠand	 ﾠspt6-ﾭ1004	 ﾠstrains	 ﾠgrown	 ﾠat	 ﾠ30°C	 ﾠor	 ﾠwith	 ﾠa	 ﾠ
shift	 ﾠto	 ﾠ37°C,	 ﾠfollowing	 ﾠthe	 ﾠprotocol	 ﾠdescribed	 ﾠin	 ﾠMaterials	 ﾠand	 ﾠMethods.	 ﾠ	 ﾠEach	 ﾠvalue	 ﾠ
represents	 ﾠthe	 ﾠaverage	 ﾠof	 ﾠresults	 ﾠfrom	 ﾠtwo	 ﾠseparate	 ﾠexperiments	 ﾠand	 ﾠtherefore	 ﾠno	 ﾠerror	 ﾠ
bars	 ﾠare	 ﾠshown.	 ﾠ(Abbreviation:	 ﾠcfu,	 ﾠcolony-ﾭ‐forming	 ﾠunit)	 ﾠ	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Figure	 ﾠ3-ﾭ3:	 ﾠEffect	 ﾠof	 ﾠspt6-ﾭ1004	 ﾠon	 ﾠthe	 ﾠpGAL1-ﾭCAN1	 ﾠTAM	 ﾠassay	 ﾠ(Continued).	 ﾠ	 ﾠ 149	 ﾠ
control	 ﾠof	 ﾠthe	 ﾠgalactose-ﾭ‐inducible	 ﾠpromoter.	 ﾠ	 ﾠThe	 ﾠgene	 ﾠencoding	 ﾠthe	 ﾠGal80	 ﾠrepressor	 ﾠis	 ﾠ
deleted	 ﾠin	 ﾠthis	 ﾠstrain	 ﾠbackground,	 ﾠcausing	 ﾠpGAL1-ﾭCAN1	 ﾠto	 ﾠbe	 ﾠconstitutively	 ﾠexpressed	 ﾠ
(Datta	 ﾠand	 ﾠJinks-ﾭ‐Robertson,	 ﾠ1995).	 ﾠ
	 ﾠ I	 ﾠexamined	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠan	 ﾠspt6	 ﾠmutation	 ﾠon	 ﾠboth	 ﾠof	 ﾠthese	 ﾠstrains.	 ﾠ	 ﾠWith	 ﾠthe	 ﾠwild-ﾭ‐
type	 ﾠSPT6	 ﾠgene	 ﾠpresent,	 ﾠthe	 ﾠresults	 ﾠreproduced	 ﾠwhat	 ﾠhad	 ﾠbeen	 ﾠpreviously	 ﾠpublished:	 ﾠ
mutagenesis	 ﾠincreases	 ﾠwith	 ﾠtranscription	 ﾠ(Figure	 ﾠ3-ﾭ‐3B).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠ
background,	 ﾠas	 ﾠexpected,	 ﾠthere	 ﾠwas	 ﾠno	 ﾠeffect	 ﾠon	 ﾠthe	 ﾠpCAN1-ﾭCAN1	 ﾠstrain.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠ
pGAL1-ﾭCAN1	 ﾠstrain,	 ﾠthere	 ﾠwas	 ﾠa	 ﾠmodest	 ﾠ(2-ﾭ‐fold)	 ﾠincrease	 ﾠin	 ﾠmutagenesis	 ﾠafter	 ﾠa	 ﾠ37°C	 ﾠ
temperature	 ﾠshift	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠpGAL1-ﾭCAN1	 ﾠstrain.	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠspt6-ﾭ
1004	 ﾠcauses	 ﾠa	 ﾠmodest	 ﾠincrease	 ﾠin	 ﾠTAM	 ﾠby	 ﾠthis	 ﾠassay.	 ﾠ	 ﾠ	 ﾠ
As	 ﾠalso	 ﾠnoted	 ﾠfor	 ﾠthe	 ﾠURA3-ﾭ‐based	 ﾠassay,	 ﾠa	 ﾠ37°C	 ﾠtemperature	 ﾠshift	 ﾠappears	 ﾠto	 ﾠ
decrease	 ﾠTAM	 ﾠin	 ﾠwild-ﾭ‐type	 ﾠstrains.	 ﾠ	 ﾠThe	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠis	 ﾠunclear.	 ﾠ	 ﾠPerhaps	 ﾠhigher	 ﾠ
temperatures	 ﾠtrigger	 ﾠa	 ﾠchange	 ﾠin	 ﾠtranscription	 ﾠlevels	 ﾠor	 ﾠinduce	 ﾠa	 ﾠprotective	 ﾠresponse	 ﾠin	 ﾠ
functional	 ﾠwild-ﾭ‐type	 ﾠstrains	 ﾠwhich	 ﾠdecreases	 ﾠmutagenesis.	 ﾠ
	 ﾠ It	 ﾠalso	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠprevious	 ﾠwork	 ﾠhas	 ﾠshown	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠimpairs	 ﾠ
activation	 ﾠof	 ﾠgalactose-ﾭ‐inducible	 ﾠpromoters	 ﾠ(Kaplan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠKaplan	 ﾠet	 ﾠal	 ﾠ
demonstrated	 ﾠthat,	 ﾠcompared	 ﾠto	 ﾠwild-ﾭ‐type	 ﾠstrains,	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠhas	 ﾠslower	 ﾠ
induction	 ﾠkinetics	 ﾠas	 ﾠwell	 ﾠas	 ﾠlower	 ﾠsteady-ﾭ‐state	 ﾠlevels	 ﾠ(~40-ﾭ‐50%)	 ﾠof	 ﾠgalactose-ﾭ‐induced	 ﾠ
transcripts	 ﾠ(Kaplan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠTherefore,	 ﾠit	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠis	 ﾠsabotaging	 ﾠthe	 ﾠ
galactose-ﾭ‐inducible	 ﾠsystem	 ﾠitself	 ﾠand	 ﾠmasking	 ﾠa	 ﾠgreater	 ﾠeffect	 ﾠon	 ﾠTAM.	 ﾠ	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Analysis	 ﾠof	 ﾠthe	 ﾠRole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠTAM	 ﾠUsing	 ﾠa	 ﾠLYS2-ﾭbased	 ﾠMutagenesis	 ﾠAssay	 ﾠ
	 ﾠ Finally,	 ﾠI	 ﾠemployed	 ﾠa	 ﾠmutagenesis	 ﾠassay	 ﾠbased	 ﾠon	 ﾠLYS2	 ﾠ(Figure	 ﾠ3-ﾭ‐4A)	 ﾠ(Lippert	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠThis	 ﾠsystem	 ﾠcontains	 ﾠa	 ﾠframeshift	 ﾠmutation	 ﾠin	 ﾠthe	 ﾠLYS2	 ﾠORF	 ﾠthat	 ﾠprevents	 ﾠcell	 ﾠ
growth	 ﾠon	 ﾠmedium	 ﾠlacking	 ﾠlysine	 ﾠ(SC-ﾭ‐Lys).	 ﾠ	 ﾠReversion	 ﾠmutations	 ﾠthat	 ﾠcorrect	 ﾠthis	 ﾠ
frameshift	 ﾠare	 ﾠdetected	 ﾠby	 ﾠscreening	 ﾠfor	 ﾠLys+	 ﾠcolonies.	 ﾠ	 ﾠTo	 ﾠdetermine	 ﾠif	 ﾠmutagenesis	 ﾠis	 ﾠ
linked	 ﾠto	 ﾠtranscription,	 ﾠexpression	 ﾠof	 ﾠLYS2	 ﾠis	 ﾠcontrolled	 ﾠby	 ﾠa	 ﾠtetracycline-ﾭ‐inducible	 ﾠ
promoter.	 ﾠ
In	 ﾠa	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠbackground,	 ﾠthe	 ﾠmutagenesis	 ﾠassay	 ﾠbehaved	 ﾠas	 ﾠpreviously	 ﾠ
described,	 ﾠwith	 ﾠgreater	 ﾠmutagenesis	 ﾠassociated	 ﾠwith	 ﾠhigher	 ﾠtranscription	 ﾠ	 ﾠ(Figure	 ﾠ3-ﾭ‐4B).	 ﾠ	 ﾠ
Surprisingly,	 ﾠI	 ﾠobserved	 ﾠgreatly	 ﾠdecreased	 ﾠmutagenesis	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠspt6-ﾭ1004,	 ﾠthe	 ﾠ
opposite	 ﾠof	 ﾠwhat	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠexpected	 ﾠbased	 ﾠon	 ﾠthe	 ﾠURA3	 ﾠand	 ﾠpGAL1-ﾭCAN1	 ﾠassays.	 ﾠ	 ﾠ
Based	 ﾠon	 ﾠpreliminary	 ﾠNorthern	 ﾠblot	 ﾠand	 ﾠquantitative	 ﾠreal	 ﾠtime	 ﾠPCR	 ﾠ(qPCR)	 ﾠresults	 ﾠ(data	 ﾠ
not	 ﾠshown),	 ﾠit	 ﾠis	 ﾠvery	 ﾠlikely	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠis	 ﾠaffecting	 ﾠthe	 ﾠtetracycline-ﾭ‐inducible	 ﾠpromoter	 ﾠ
used	 ﾠhere,	 ﾠcausing	 ﾠreduced	 ﾠLYS2	 ﾠinduction	 ﾠand	 ﾠconfounding	 ﾠthis	 ﾠassay.	 ﾠ	 ﾠThis	 ﾠemphasizes	 ﾠ
the	 ﾠlimitations	 ﾠand	 ﾠvariability	 ﾠof	 ﾠthe	 ﾠcurrent	 ﾠTAM	 ﾠassays	 ﾠand	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠnewer	 ﾠTAM	 ﾠ
assays	 ﾠto	 ﾠbe	 ﾠdeveloped.	 ﾠ
	 ﾠ
Summary	 ﾠ
	 ﾠ The	 ﾠoverall	 ﾠresults	 ﾠof	 ﾠall	 ﾠTAM	 ﾠassays	 ﾠare	 ﾠsummarized	 ﾠin	 ﾠTable	 ﾠ3-ﾭ‐3.	 ﾠ	 ﾠAll	 ﾠassays	 ﾠ
were	 ﾠreproducible	 ﾠin	 ﾠmy	 ﾠhands,	 ﾠand	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠreproduce	 ﾠthe	 ﾠeffects	 ﾠshown	 ﾠpreviously	 ﾠ
in	 ﾠthe	 ﾠliterature.	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠspt6-ﾭ1004	 ﾠon	 ﾠthese	 ﾠassays	 ﾠis	 ﾠconfusing.	 ﾠ	 ﾠResults	 ﾠ
from	 ﾠthe	 ﾠURA3	 ﾠand	 ﾠpGAL1-ﾭCAN1	 ﾠsystems	 ﾠsuggest	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠincreases	 ﾠTAM,	 ﾠwhile	 ﾠthe	 ﾠ







Figure	 ﾠ3-ﾭ4:	 ﾠEffect	 ﾠof	 ﾠspt6-ﾭ1004	 ﾠon	 ﾠthe	 ﾠpTET-ﾭLYS2	 ﾠTAM	 ﾠassay.	 ﾠ	 ﾠA.	 ﾠStrategy	 ﾠfor	 ﾠthe	 ﾠpTET-ﾭ
LYS2	 ﾠreporter	 ﾠsystem	 ﾠfor	 ﾠdetecting	 ﾠTAM.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠsystem,	 ﾠtranscription	 ﾠof	 ﾠthe	 ﾠLYS2	 ﾠORF	 ﾠis	 ﾠ
controlled	 ﾠeither	 ﾠby	 ﾠits	 ﾠendogenous	 ﾠpromoter	 ﾠ(low	 ﾠtranscription)	 ﾠor	 ﾠby	 ﾠthe	 ﾠpTET-ﾭoff	 ﾠ
promoter	 ﾠ(high	 ﾠtranscription	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠdoxycycline).	 ﾠ	 ﾠA	 ﾠframeshift	 ﾠmutation	 ﾠis	 ﾠ
present	 ﾠwithin	 ﾠthe	 ﾠLYS2	 ﾠORF	 ﾠ(*)	 ﾠthat	 ﾠprevents	 ﾠthe	 ﾠcell	 ﾠfrom	 ﾠgrowing	 ﾠon	 ﾠmedium	 ﾠlacking	 ﾠ
lysine	 ﾠ(SC-ﾭ‐Lys).	 ﾠ	 ﾠIncreased	 ﾠmutagenesis	 ﾠof	 ﾠlys2*	 ﾠwill	 ﾠresult	 ﾠin	 ﾠa	 ﾠhigher	 ﾠfrequency	 ﾠof	 ﾠ
reversion	 ﾠback	 ﾠto	 ﾠa	 ﾠwild-ﾭ‐type	 ﾠfunctional	 ﾠLYS2	 ﾠallele,	 ﾠgenerating	 ﾠLys+	 ﾠcolonies.	 ﾠ(Lippert	 ﾠet	 ﾠal,	 ﾠ
2011)	 ﾠ	 ﾠB.	 ﾠMeasurement	 ﾠof	 ﾠthe	 ﾠfrequency	 ﾠof	 ﾠLys+	 ﾠcolonies	 ﾠin	 ﾠSPT6	 ﾠ(wt)	 ﾠand	 ﾠspt6-ﾭ1004	 ﾠstrains	 ﾠ
grown	 ﾠat	 ﾠ30°C	 ﾠor	 ﾠwith	 ﾠa	 ﾠshift	 ﾠto	 ﾠ37°C,	 ﾠfollowing	 ﾠthe	 ﾠprotocol	 ﾠdescribed	 ﾠin	 ﾠMaterials	 ﾠand	 ﾠ
Methods.	 ﾠ	 ﾠEach	 ﾠvalue	 ﾠrepresents	 ﾠthe	 ﾠaverage	 ﾠof	 ﾠresults	 ﾠfrom	 ﾠtwo	 ﾠseparate	 ﾠexperiments	 ﾠand	 ﾠ
therefore	 ﾠno	 ﾠerror	 ﾠbars	 ﾠare	 ﾠshown.	 ﾠ(Abbreviation:	 ﾠcfu,	 ﾠcolony-ﾭ‐forming	 ﾠunit)	 ﾠ	 ﾠ 152	 ﾠ
	 ﾠ
Figure	 ﾠ3-ﾭ4:	 ﾠEffect	 ﾠof	 ﾠspt6-ﾭ1004	 ﾠon	 ﾠthe	 ﾠpTET-ﾭLYS2	 ﾠTAM	 ﾠassay	 ﾠ(Continued).	 ﾠ	 ﾠ	 ﾠ 153	 ﾠ
Table	 ﾠ3-ﾭ3:	 ﾠOverview	 ﾠof	 ﾠTAM	 ﾠAssay	 ﾠResults.	 ﾠ
	 ﾠ	 ﾠ 154	 ﾠ
appears	 ﾠthat	 ﾠmany	 ﾠof	 ﾠthese	 ﾠmutagenesis	 ﾠassays	 ﾠdo	 ﾠnot	 ﾠfunction	 ﾠproperly	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ
spt6-ﾭ1004,	 ﾠas	 ﾠGAL1	 ﾠand	 ﾠTET	 ﾠinduction	 ﾠare	 ﾠimpaired.	 ﾠ	 ﾠOverall,	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠspt6-ﾭ1004	 ﾠon	 ﾠTAM	 ﾠ
appears	 ﾠto	 ﾠbe	 ﾠdependent	 ﾠon	 ﾠthe	 ﾠassay	 ﾠused.	 ﾠ	 ﾠA	 ﾠcontributing	 ﾠfactor	 ﾠto	 ﾠthis	 ﾠvariability	 ﾠ
between	 ﾠassays	 ﾠmay	 ﾠbe	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠspt6	 ﾠmutants	 ﾠon	 ﾠthe	 ﾠinducible	 ﾠpromoters.	 ﾠ	 ﾠ
Alternatively,	 ﾠthere	 ﾠmay	 ﾠbe	 ﾠadditional	 ﾠfactors	 ﾠthat	 ﾠcontrol	 ﾠthe	 ﾠdegree	 ﾠof	 ﾠTAM	 ﾠthat	 ﾠare	 ﾠ
currently	 ﾠunknown.	 ﾠ	 ﾠTherefore,	 ﾠthe	 ﾠcurrent	 ﾠstandard	 ﾠTAM	 ﾠassays	 ﾠare	 ﾠnot	 ﾠsufficient	 ﾠto	 ﾠ
address	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠTAM.	 ﾠ	 ﾠWe	 ﾠawait	 ﾠnewer	 ﾠinnovative	 ﾠTAM	 ﾠassays	 ﾠto	 ﾠfurther	 ﾠpursue	 ﾠ




	 ﾠ In	 ﾠthis	 ﾠchapter,	 ﾠI	 ﾠexplored	 ﾠa	 ﾠpossible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠ
mutagenesis.	 ﾠ	 ﾠTo	 ﾠaddress	 ﾠthis	 ﾠquestion	 ﾠas	 ﾠcomprehensively	 ﾠas	 ﾠpossible,	 ﾠI	 ﾠemployed	 ﾠtwo	 ﾠ
published	 ﾠmutagenesis	 ﾠassays	 ﾠas	 ﾠwell	 ﾠas	 ﾠone	 ﾠassay	 ﾠwhich	 ﾠI	 ﾠconstructed	 ﾠmyself	 ﾠbased	 ﾠon	 ﾠ
data	 ﾠfrom	 ﾠprevious	 ﾠSpt6	 ﾠexperiments	 ﾠperformed	 ﾠin	 ﾠour	 ﾠlab.	 ﾠ	 ﾠAfter	 ﾠintegrating	 ﾠa	 ﾠwell-ﾭ‐
characterized	 ﾠspt6	 ﾠmutation	 ﾠinto	 ﾠall	 ﾠof	 ﾠthese	 ﾠsystems,	 ﾠI	 ﾠoptimized	 ﾠa	 ﾠmutagenesis	 ﾠprotocol	 ﾠ
and	 ﾠrepeated	 ﾠeach	 ﾠassay	 ﾠseveral	 ﾠtimes	 ﾠto	 ﾠcheck	 ﾠwhether	 ﾠresults	 ﾠwere	 ﾠreproducible.	 ﾠ	 ﾠMy	 ﾠ
results	 ﾠwere	 ﾠhighly	 ﾠreproducible	 ﾠand	 ﾠreplicated	 ﾠthe	 ﾠliterature.	 ﾠ	 ﾠHowever,	 ﾠno	 ﾠdefinitive	 ﾠ
conclusion	 ﾠcould	 ﾠbe	 ﾠmade	 ﾠregarding	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠSpt6	 ﾠon	 ﾠTAM.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠpartly	 ﾠdue	 ﾠto	 ﾠ
conflicting	 ﾠresults	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠassay	 ﾠused.	 ﾠ	 ﾠIt	 ﾠwas	 ﾠalso	 ﾠdue	 ﾠto	 ﾠthe	 ﾠconfounding	 ﾠeffect	 ﾠof	 ﾠ
an	 ﾠspt6	 ﾠmutant	 ﾠon	 ﾠthe	 ﾠinducible	 ﾠpromoters	 ﾠrequired	 ﾠfor	 ﾠthese	 ﾠassays.	 ﾠ	 ﾠ 155	 ﾠ
As	 ﾠmentioned	 ﾠpreviously,	 ﾠsome	 ﾠof	 ﾠthe	 ﾠassay	 ﾠvariation	 ﾠin	 ﾠthe	 ﾠmagnitude	 ﾠof	 ﾠthe	 ﾠeffect	 ﾠ
of	 ﾠspt6	 ﾠmutants	 ﾠon	 ﾠTAM	 ﾠmay	 ﾠbe	 ﾠexplained	 ﾠby	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠspt6	 ﾠmutations	 ﾠon	 ﾠinducible	 ﾠ
promoters.	 ﾠ	 ﾠIt	 ﾠis	 ﾠalready	 ﾠknown	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠcompromises	 ﾠthe	 ﾠspeed	 ﾠand	 ﾠlevel	 ﾠof	 ﾠ
induction	 ﾠof	 ﾠgalactose-ﾭ‐inducible	 ﾠpromoters	 ﾠ(Kaplan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠPreliminary	 ﾠexperiments	 ﾠ
suggest	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠalso	 ﾠinhibits	 ﾠtetracycline-ﾭ‐inducible	 ﾠpromoter	 ﾠinduction	 ﾠ(data	 ﾠnot	 ﾠ
shown).	 ﾠ	 ﾠThis	 ﾠis	 ﾠan	 ﾠimportant	 ﾠinsight	 ﾠthat	 ﾠshould	 ﾠbe	 ﾠtaken	 ﾠinto	 ﾠaccount	 ﾠin	 ﾠfuture	 ﾠSpt6	 ﾠ
experiments.	 ﾠ	 ﾠBecause	 ﾠSpt6	 ﾠhas	 ﾠso	 ﾠmany	 ﾠdiverse	 ﾠroles	 ﾠin	 ﾠthe	 ﾠcell,	 ﾠit	 ﾠis	 ﾠcommon	 ﾠto	 ﾠsee	 ﾠ
experiments	 ﾠconfounded	 ﾠby	 ﾠother	 ﾠunrelated	 ﾠeffects	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠGiven	 ﾠthis	 ﾠand	 ﾠmy	 ﾠresults,	 ﾠ
better	 ﾠTAM	 ﾠassays	 ﾠwill	 ﾠbe	 ﾠrequired	 ﾠto	 ﾠaddress	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠthis	 ﾠprocess.	 ﾠ
With	 ﾠregards	 ﾠto	 ﾠthe	 ﾠURA3	 ﾠmutagenesis	 ﾠassay,	 ﾠit	 ﾠis	 ﾠintriguing	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠhas	 ﾠ
different	 ﾠeffects	 ﾠat	 ﾠtwo	 ﾠhighly	 ﾠtranscribed	 ﾠloci,	 ﾠCHA1::URA3	 ﾠand	 ﾠGLK1::URA3.	 ﾠ	 ﾠAs	 ﾠnoted	 ﾠ
earlier,	 ﾠa	 ﾠpreliminary	 ﾠresult	 ﾠsuggests	 ﾠthat	 ﾠthis	 ﾠmay	 ﾠbe	 ﾠdue	 ﾠto	 ﾠhigher	 ﾠtranscription	 ﾠat	 ﾠ
CHA1::URA3	 ﾠcompared	 ﾠto	 ﾠGLK1::URA3.	 ﾠ	 ﾠThis	 ﾠdifference	 ﾠin	 ﾠmRNA	 ﾠlevels	 ﾠis	 ﾠconsistent	 ﾠwith	 ﾠ
previous	 ﾠanalysis	 ﾠof	 ﾠCHA1	 ﾠand	 ﾠGLK1	 ﾠmRNA	 ﾠlevels	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠAnother	 ﾠ
possible	 ﾠexplanation	 ﾠfor	 ﾠthe	 ﾠvariable	 ﾠresults	 ﾠof	 ﾠthe	 ﾠURA3	 ﾠassay	 ﾠhas	 ﾠto	 ﾠdo	 ﾠwith	 ﾠone	 ﾠof	 ﾠthe	 ﾠ
initial	 ﾠassumptions	 ﾠof	 ﾠthe	 ﾠassay;	 ﾠthat	 ﾠthe	 ﾠdegree	 ﾠof	 ﾠnucleosome	 ﾠloss	 ﾠover	 ﾠthe	 ﾠURA3	 ﾠORF	 ﾠwill	 ﾠ
be	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠamount	 ﾠof	 ﾠnucleosome	 ﾠloss	 ﾠover	 ﾠthe	 ﾠendogenous	 ﾠgene.	 ﾠ	 ﾠIn	 ﾠan	 ﾠspt6	 ﾠmutant,	 ﾠ
CHA1	 ﾠand	 ﾠGLK1	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠhave	 ﾠvery	 ﾠsimilar	 ﾠlevels	 ﾠof	 ﾠSpt6	 ﾠand	 ﾠRNAPII	 ﾠ
recruitment	 ﾠand	 ﾠnucleosome	 ﾠloss	 ﾠ(indicated	 ﾠby	 ﾠsimilar	 ﾠChIP	 ﾠprofiles	 ﾠfor	 ﾠH2A,	 ﾠH3,	 ﾠand	 ﾠH4)	 ﾠ
(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠOverall,	 ﾠmy	 ﾠresults	 ﾠhighlight	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠperforming	 ﾠthese	 ﾠ
experiments	 ﾠat	 ﾠmultiple	 ﾠloci.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠfuture,	 ﾠit	 ﾠwould	 ﾠbe	 ﾠuseful	 ﾠto	 ﾠdevelop	 ﾠa	 ﾠmethod	 ﾠfor	 ﾠ
exploring	 ﾠTAM	 ﾠeffects	 ﾠgenome-ﾭ‐wide.	 ﾠ	 ﾠ 156	 ﾠ
	 ﾠ The	 ﾠexperiments	 ﾠpresented	 ﾠin	 ﾠthis	 ﾠchapter	 ﾠattempted	 ﾠto	 ﾠaddress	 ﾠan	 ﾠimportant	 ﾠ
question	 ﾠregarding	 ﾠthe	 ﾠpossible	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis.	 ﾠ	 ﾠ
Unfortunately	 ﾠthe	 ﾠcurrent	 ﾠtechniques	 ﾠof	 ﾠthe	 ﾠfield	 ﾠare	 ﾠnot	 ﾠsufficient	 ﾠto	 ﾠprovide	 ﾠan	 ﾠanswer	 ﾠto	 ﾠ
this	 ﾠquestion	 ﾠat	 ﾠthis	 ﾠtime.	 ﾠ	 ﾠOur	 ﾠresults	 ﾠindicate	 ﾠthat	 ﾠSpt6	 ﾠcan	 ﾠaffect	 ﾠthe	 ﾠpromoter	 ﾠsystems	 ﾠ
being	 ﾠused	 ﾠin	 ﾠthese	 ﾠassays,	 ﾠindependent	 ﾠof	 ﾠany	 ﾠeffect	 ﾠon	 ﾠTAM.	 ﾠ	 ﾠHowever,	 ﾠthis	 ﾠwork	 ﾠhas	 ﾠ
hopefully	 ﾠlaid	 ﾠthe	 ﾠgroundwork	 ﾠfor	 ﾠfuture	 ﾠTAM	 ﾠexperiments.	 ﾠ	 ﾠWith	 ﾠnewer	 ﾠbetter	 ﾠtechniques,	 ﾠ
we	 ﾠshould	 ﾠsomeday	 ﾠbe	 ﾠable	 ﾠto	 ﾠelicit	 ﾠthe	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠthe	 ﾠintersection	 ﾠbetween	 ﾠ
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Spt6	 ﾠis	 ﾠa	 ﾠcrucial	 ﾠhistone	 ﾠchaperone	 ﾠand	 ﾠtranscription	 ﾠregulator.	 ﾠ	 ﾠAs	 ﾠdiscussed	 ﾠin	 ﾠ
Chapter	 ﾠ1,	 ﾠthe	 ﾠphenotypes	 ﾠof	 ﾠyeast	 ﾠspt6	 ﾠmutants	 ﾠsuggest	 ﾠthat	 ﾠSpt6	 ﾠhas	 ﾠnumerous	 ﾠroles	 ﾠin	 ﾠ
vivo	 ﾠand	 ﾠdirectly	 ﾠinteracts	 ﾠwith	 ﾠa	 ﾠnumber	 ﾠof	 ﾠother	 ﾠproteins,	 ﾠincluding	 ﾠhistones	 ﾠand	 ﾠRNA	 ﾠ
polymerase	 ﾠII	 ﾠ(RNAPII)	 ﾠ(Adkins	 ﾠand	 ﾠTyler,	 ﾠ2006;	 ﾠArdehali	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠBucheli	 ﾠand	 ﾠ
Buratowski,	 ﾠ2005;	 ﾠCarrozza	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠChen	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠCheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ
2006;	 ﾠClose	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDegennaro	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010a;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠ
Endoh	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠFormosa	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠHartzog	 ﾠet	 ﾠal.,	 ﾠ1998;	 ﾠIvanovska	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠJensen	 ﾠ
et	 ﾠal.,	 ﾠ2008;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠKaplan	 ﾠet	 ﾠal.,	 ﾠ2003;	 ﾠKiely	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠ
McDonald	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠWinkler	 ﾠet	 ﾠal.,	 ﾠ2000;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ
2007;	 ﾠYoh	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠYoudell	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠmechanisms	 ﾠof	 ﾠaction	 ﾠof	 ﾠSpt6	 ﾠ
and	 ﾠits	 ﾠcellular	 ﾠroles	 ﾠare	 ﾠstill	 ﾠunclear.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠdissertation,	 ﾠI	 ﾠhave	 ﾠdescribed	 ﾠseveral	 ﾠ
approaches	 ﾠthat	 ﾠI	 ﾠtook	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠSpt6.	 ﾠ
In	 ﾠChapter	 ﾠ2,	 ﾠI	 ﾠdescribed	 ﾠthree	 ﾠseparate	 ﾠapproaches	 ﾠthat	 ﾠI	 ﾠused	 ﾠto	 ﾠperform	 ﾠ
structure-ﾭ‐function	 ﾠanalysis	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThe	 ﾠfirst	 ﾠinvolved	 ﾠrandom	 ﾠmutagenesis	 ﾠof	 ﾠSPT6	 ﾠin	 ﾠan	 ﾠ
effort	 ﾠto	 ﾠidentify	 ﾠnovel	 ﾠmutant	 ﾠphenotypes	 ﾠand	 ﾠto	 ﾠcorrelate	 ﾠphenotypes	 ﾠwith	 ﾠthe	 ﾠphysical	 ﾠ
location	 ﾠof	 ﾠthe	 ﾠmutations.	 ﾠ	 ﾠIn	 ﾠcontrast,	 ﾠthe	 ﾠlatter	 ﾠtwo	 ﾠapproaches	 ﾠwere	 ﾠsite-ﾭ‐specific	 ﾠ
mutations,	 ﾠdesigned	 ﾠto	 ﾠtest	 ﾠthe	 ﾠroles	 ﾠof	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠSH2	 ﾠdomains	 ﾠand	 ﾠthe	 ﾠSpt6	 ﾠN-ﾭ‐
terminal	 ﾠdomain	 ﾠ(NTD)	 ﾠinteraction	 ﾠwith	 ﾠthe	 ﾠtranscription	 ﾠfactor	 ﾠSpn1/Iws1.	 ﾠ	 ﾠBelow,	 ﾠI	 ﾠ
briefly	 ﾠreview	 ﾠmy	 ﾠresults,	 ﾠtheir	 ﾠimplications,	 ﾠand	 ﾠpossible	 ﾠfuture	 ﾠexperiments.	 ﾠ
For	 ﾠall	 ﾠthe	 ﾠspt6	 ﾠmutants	 ﾠexamined	 ﾠin	 ﾠmy	 ﾠdissertation,	 ﾠit	 ﾠwould	 ﾠbe	 ﾠrevealing	 ﾠto	 ﾠ
perform	 ﾠfurther	 ﾠfunctional	 ﾠanalysis	 ﾠto	 ﾠunderstand	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠmutations	 ﾠin	 ﾠSPT6	 ﾠmore	 ﾠ
comprehensively.	 ﾠ	 ﾠFunctional	 ﾠanalysis	 ﾠcould	 ﾠinclude	 ﾠchromatin	 ﾠimmunoprecipitation	 ﾠ
(ChIP)	 ﾠto	 ﾠdetermine	 ﾠchanges	 ﾠin	 ﾠSpt6	 ﾠrecruitment	 ﾠeither	 ﾠat	 ﾠhighly	 ﾠtranscribed	 ﾠgenes	 ﾠ(for	 ﾠ	 ﾠ 161	 ﾠ
example,	 ﾠChIP	 ﾠat	 ﾠPMA1,	 ﾠCHA1,	 ﾠand	 ﾠGLK1)	 ﾠor	 ﾠgenome-ﾭ‐wide	 ﾠ(ChIP-ﾭ‐seq)	 ﾠ(Ivanovska	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠRNA-ﾭ‐seq	 ﾠanalysis	 ﾠwould	 ﾠalso	 ﾠbe	 ﾠuseful	 ﾠto	 ﾠascertain	 ﾠoverall	 ﾠpatterns	 ﾠin	 ﾠgene	 ﾠ
expression	 ﾠchanges	 ﾠin	 ﾠspt6	 ﾠmutants	 ﾠ(M.	 ﾠMurawska,	 ﾠunpublished	 ﾠdata).	 ﾠ	 ﾠNucleosome	 ﾠ
position	 ﾠmapping	 ﾠin	 ﾠspt6	 ﾠmutants	 ﾠcould	 ﾠbe	 ﾠperformed	 ﾠas	 ﾠpreviously	 ﾠdescribed	 ﾠ(Degennaro	 ﾠ
et	 ﾠal.,	 ﾠ2013;	 ﾠIvanovska	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠAlso,	 ﾠWestern	 ﾠblot	 ﾠanalysis	 ﾠcould	 ﾠbe	 ﾠconducted	 ﾠto	 ﾠ
analyze	 ﾠpossible	 ﾠhistone	 ﾠmodification	 ﾠchanges	 ﾠin	 ﾠspt6	 ﾠmutants	 ﾠ(for	 ﾠexample,	 ﾠchanges	 ﾠin	 ﾠ
H3K36,	 ﾠH3K4,	 ﾠH3K9,	 ﾠand	 ﾠH3K27	 ﾠmethylation,	 ﾠand	 ﾠH3K14	 ﾠacetylation)	 ﾠ(Begum	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠ
Carrozza	 ﾠet	 ﾠal.,	 ﾠ2005;	 ﾠChen	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠCheung	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠChu	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠDegennaro	 ﾠet	 ﾠ
al.,	 ﾠ2013;	 ﾠJoshi	 ﾠand	 ﾠStruhl,	 ﾠ2005;	 ﾠKato	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠKiely	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠYoh	 ﾠ
et	 ﾠal.,	 ﾠ2008;	 ﾠYoudell	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThese	 ﾠproposed	 ﾠexperiments	 ﾠwould	 ﾠmore	 ﾠ
comprehensively	 ﾠcharacterize	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠa	 ﾠgiven	 ﾠspt6	 ﾠmutation	 ﾠon	 ﾠtranscription	 ﾠ
regulation	 ﾠand	 ﾠchromatin	 ﾠstructure.	 ﾠ
In	 ﾠregards	 ﾠto	 ﾠany	 ﾠpossible	 ﾠrole	 ﾠin	 ﾠDNA	 ﾠdamage	 ﾠrepair	 ﾠ(DDR),	 ﾠit	 ﾠwould	 ﾠbe	 ﾠhelpful	 ﾠto	 ﾠ
determine	 ﾠif	 ﾠSpt6	 ﾠis	 ﾠrecruited	 ﾠto	 ﾠdouble-ﾭ‐strand	 ﾠbreaks	 ﾠ(DSBs).	 ﾠ	 ﾠThis	 ﾠcould	 ﾠbe	 ﾠdone	 ﾠusing	 ﾠ
Spt6	 ﾠChIP	 ﾠperformed	 ﾠin	 ﾠcurrently	 ﾠavailable	 ﾠsystems	 ﾠthat	 ﾠgenerate	 ﾠa	 ﾠsingle	 ﾠDSB	 ﾠat	 ﾠa	 ﾠknown	 ﾠ
location	 ﾠ(see	 ﾠAppendix	 ﾠ1)	 ﾠ(Kim	 ﾠand	 ﾠHaber,	 ﾠ2009;	 ﾠTsukuda	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠany	 ﾠ
newer	 ﾠTAM	 ﾠassays	 ﾠdeveloped	 ﾠin	 ﾠthe	 ﾠfuture	 ﾠ(discussed	 ﾠbelow)	 ﾠmay	 ﾠbe	 ﾠused	 ﾠto	 ﾠdetermine	 ﾠif	 ﾠ
these	 ﾠspt6	 ﾠmutations	 ﾠaffect	 ﾠDDR	 ﾠand	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠ(TAM).	 ﾠ	 ﾠ
Although	 ﾠmy	 ﾠwork	 ﾠdid	 ﾠnot	 ﾠconfirm	 ﾠa	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠDDR	 ﾠat	 ﾠthis	 ﾠtime,	 ﾠmore	 ﾠadvanced	 ﾠ
future	 ﾠtechniques	 ﾠand	 ﾠexperiments	 ﾠmay	 ﾠlead	 ﾠto	 ﾠnew	 ﾠinsights	 ﾠin	 ﾠthis	 ﾠarea.	 ﾠ
In	 ﾠaddition,	 ﾠfurther	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠNTD	 ﾠof	 ﾠSpt6	 ﾠwould	 ﾠbe	 ﾠparticularly	 ﾠinteresting	 ﾠand	 ﾠ
useful.	 ﾠ	 ﾠAs	 ﾠdiscussed	 ﾠin	 ﾠChapters	 ﾠ1	 ﾠand	 ﾠ2,	 ﾠthe	 ﾠacidic	 ﾠNTD	 ﾠbinds	 ﾠSpn1	 ﾠand	 ﾠnucleosomes	 ﾠ
exclusively	 ﾠto	 ﾠone	 ﾠanother	 ﾠand	 ﾠalso	 ﾠdiminishes	 ﾠdouble-ﾭ‐stranded	 ﾠDNA	 ﾠ(dsDNA)	 ﾠbinding	 ﾠ	 ﾠ 162	 ﾠ
(Close	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010a;	 ﾠMcDonald	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠHow	 ﾠall	 ﾠof	 ﾠthese	 ﾠfunctions	 ﾠ
coordinate	 ﾠand	 ﾠrelate	 ﾠis	 ﾠstill	 ﾠunclear.	 ﾠ	 ﾠIt	 ﾠmay	 ﾠbe	 ﾠhelpful	 ﾠto	 ﾠfurther	 ﾠanalyze	 ﾠthe	 ﾠspt6-ﾭIF,	 ﾠGG,	 ﾠ
YW,	 ﾠY	 ﾠand	 ﾠW	 ﾠmutants	 ﾠdescribed	 ﾠin	 ﾠChapter	 ﾠ2	 ﾠ(as	 ﾠwell	 ﾠas	 ﾠspt6	 ﾠmutants	 ﾠwith	 ﾠalterations	 ﾠin	 ﾠ
the	 ﾠNTD	 ﾠcreated	 ﾠby	 ﾠother	 ﾠresearchers	 ﾠ(McDonald	 ﾠet	 ﾠal.,	 ﾠ2010))	 ﾠand	 ﾠdetermine	 ﾠtheir	 ﾠeffects	 ﾠ
on	 ﾠnucleosome	 ﾠpositioning	 ﾠ(nucleosome	 ﾠposition	 ﾠand	 ﾠoccupancy	 ﾠassays),	 ﾠSpt6	 ﾠand	 ﾠSpn1	 ﾠ
recruitment	 ﾠ(ChIP-ﾭ‐seq),	 ﾠhistone	 ﾠmodifications	 ﾠ(Western	 ﾠblot	 ﾠanalysis)	 ﾠand	 ﾠdsDNA	 ﾠbinding	 ﾠ
(gel	 ﾠshift	 ﾠassays).	 ﾠ	 ﾠAlso,	 ﾠthe	 ﾠNTD	 ﾠis	 ﾠthe	 ﾠone	 ﾠmain	 ﾠregion	 ﾠof	 ﾠSpt6	 ﾠfor	 ﾠwhich	 ﾠthere	 ﾠis	 ﾠno	 ﾠ
structural	 ﾠdata;	 ﾠfuture	 ﾠwork	 ﾠto	 ﾠsolve	 ﾠthis	 ﾠstructure	 ﾠshould	 ﾠshed	 ﾠlight	 ﾠon	 ﾠthe	 ﾠcomplex	 ﾠ
function	 ﾠof	 ﾠthis	 ﾠSpt6	 ﾠdomain.	 ﾠ
It	 ﾠwould	 ﾠalso	 ﾠbe	 ﾠintriguing	 ﾠto	 ﾠfollow	 ﾠup	 ﾠon	 ﾠthe	 ﾠDNA-ﾭ‐binding	 ﾠproperties	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠIt	 ﾠ
has	 ﾠbeen	 ﾠshown	 ﾠthat	 ﾠthe	 ﾠcore	 ﾠof	 ﾠSpt6	 ﾠ(containing	 ﾠthe	 ﾠHtH,	 ﾠYqgF,	 ﾠHhH	 ﾠand	 ﾠDLD	 ﾠdomains)	 ﾠis	 ﾠ
capable	 ﾠof	 ﾠbinding	 ﾠdsDNA	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIt	 ﾠwould	 ﾠbe	 ﾠuseful	 ﾠto	 ﾠfurther	 ﾠnarrow	 ﾠdown	 ﾠ
which	 ﾠdomain	 ﾠis	 ﾠnecessary	 ﾠand	 ﾠsufficient	 ﾠfor	 ﾠthis	 ﾠinteraction.	 ﾠ	 ﾠAlso,	 ﾠa	 ﾠkey	 ﾠunanswered	 ﾠ
question	 ﾠis	 ﾠwhat	 ﾠis	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠSpt6-ﾭ‐dsDNA	 ﾠbinding	 ﾠinteraction.	 ﾠ	 ﾠIt	 ﾠwill	 ﾠbe	 ﾠ
interesting	 ﾠto	 ﾠinvestigate	 ﾠif	 ﾠdsDNA	 ﾠbinding	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠany	 ﾠor	 ﾠall	 ﾠof	 ﾠthe	 ﾠmany	 ﾠroles	 ﾠof	 ﾠ
Spt6.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠit	 ﾠis	 ﾠunknown	 ﾠwhether	 ﾠthe	 ﾠDNA	 ﾠbinding	 ﾠactivity	 ﾠof	 ﾠSpt6	 ﾠhas	 ﾠany	 ﾠeffect	 ﾠ
on	 ﾠSpt6	 ﾠrecruitment	 ﾠto	 ﾠchromatin.	 ﾠ	 ﾠAlthough	 ﾠI	 ﾠsuspect	 ﾠthat	 ﾠdsDNA	 ﾠbinding	 ﾠwould	 ﾠbe	 ﾠ
important	 ﾠfor	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠa	 ﾠtranscription	 ﾠelongation	 ﾠfactor	 ﾠand	 ﾠhistone	 ﾠchaperone	 ﾠsuch	 ﾠ
as	 ﾠSpt6,	 ﾠthis	 ﾠhas	 ﾠnot	 ﾠyet	 ﾠbeen	 ﾠstudied.	 ﾠ	 ﾠ	 ﾠ
In	 ﾠaddition,	 ﾠit	 ﾠis	 ﾠalso	 ﾠunclear	 ﾠif	 ﾠSpt6	 ﾠinteracts	 ﾠdirectly	 ﾠwith	 ﾠeither	 ﾠsingle-ﾭ‐stranded	 ﾠor	 ﾠ
double-ﾭ‐stranded	 ﾠRNA.	 ﾠ	 ﾠGel	 ﾠshift	 ﾠassays	 ﾠcould	 ﾠbe	 ﾠused	 ﾠto	 ﾠclarify	 ﾠwhether	 ﾠSpt6	 ﾠdoes	 ﾠin	 ﾠfact	 ﾠ
bind	 ﾠRNA	 ﾠand,	 ﾠif	 ﾠso,	 ﾠwith	 ﾠwhich	 ﾠdomain.	 ﾠ	 ﾠIf	 ﾠRNA-ﾭ‐binding	 ﾠactivity	 ﾠis	 ﾠobserved,	 ﾠit	 ﾠwill	 ﾠbe	 ﾠ	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interesting	 ﾠto	 ﾠexplore	 ﾠhow	 ﾠthis	 ﾠaffects	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠtranscription,	 ﾠas	 ﾠwell	 ﾠas	 ﾠ
mRNA	 ﾠprocessing	 ﾠand	 ﾠexport.	 ﾠ
Regarding	 ﾠthe	 ﾠcollaborative	 ﾠSH2	 ﾠdomain	 ﾠproject	 ﾠdescribed	 ﾠin	 ﾠChapter	 ﾠ2,	 ﾠa	 ﾠlogical	 ﾠ
next	 ﾠstep	 ﾠfor	 ﾠthis	 ﾠproject	 ﾠwould	 ﾠbe	 ﾠto	 ﾠconstruct	 ﾠthe	 ﾠone	 ﾠadditional	 ﾠSH2	 ﾠtruncation	 ﾠmutant	 ﾠ
which	 ﾠwas	 ﾠnot	 ﾠstudied	 ﾠhere:	 ﾠdeletion	 ﾠof	 ﾠonly	 ﾠthe	 ﾠSH21,	 ﾠthe	 ﾠmore	 ﾠN-ﾭ‐terminal	 ﾠand	 ﾠmore	 ﾠ
standard	 ﾠSH2	 ﾠdomain.	 ﾠ	 ﾠAnalyzing	 ﾠthis	 ﾠmutant	 ﾠwould	 ﾠclarify	 ﾠthe	 ﾠisolated	 ﾠeffect	 ﾠof	 ﾠSH21	 ﾠand	 ﾠ
indicate	 ﾠwhether	 ﾠSH22	 ﾠretains	 ﾠany	 ﾠfunction	 ﾠwithout	 ﾠits	 ﾠSH21	 ﾠcounterpart.	 ﾠ	 ﾠFuture	 ﾠwork	 ﾠon	 ﾠa	 ﾠ
deletion	 ﾠof	 ﾠjust	 ﾠSH21	 ﾠmay	 ﾠyield	 ﾠfurther	 ﾠhelpful	 ﾠinsights	 ﾠinto	 ﾠtandem	 ﾠSH2	 ﾠdomain	 ﾠbiology.	 ﾠ
As	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ1,	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠSH22	 ﾠdomain	 ﾠis	 ﾠdistinct	 ﾠfrom	 ﾠother	 ﾠknown	 ﾠ
SH2	 ﾠdomains.	 ﾠ	 ﾠAlthough	 ﾠits	 ﾠoverall	 ﾠsecondary	 ﾠstructure	 ﾠis	 ﾠthat	 ﾠof	 ﾠa	 ﾠstandard	 ﾠSH2	 ﾠdomain,	 ﾠ
the	 ﾠSH22	 ﾠdomain	 ﾠlacks	 ﾠsequence	 ﾠconservation	 ﾠwith	 ﾠother	 ﾠSH2	 ﾠdomains	 ﾠand	 ﾠhas	 ﾠan	 ﾠ
unusually	 ﾠshallow	 ﾠbinding	 ﾠpocket	 ﾠwith	 ﾠthe	 ﾠcritical	 ﾠbinding	 ﾠresidues	 ﾠmissing	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠSun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠBecause	 ﾠof	 ﾠthis,	 ﾠthe	 ﾠSpt6	 ﾠSH22	 ﾠ
domain	 ﾠwas	 ﾠnot	 ﾠdetected	 ﾠpreviously	 ﾠbased	 ﾠon	 ﾠsequence	 ﾠhomology	 ﾠto	 ﾠstandard	 ﾠSH2	 ﾠ
domains	 ﾠand	 ﾠit	 ﾠis	 ﾠbelieved	 ﾠto	 ﾠbe	 ﾠa	 ﾠmember	 ﾠof	 ﾠa	 ﾠnovel	 ﾠsubfamily	 ﾠof	 ﾠSH2	 ﾠdomains	 ﾠ(Close	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThis	 ﾠraises	 ﾠthe	 ﾠpossibility	 ﾠthat	 ﾠother	 ﾠnon-ﾭ‐canonical	 ﾠSH2	 ﾠdomains,	 ﾠ
similar	 ﾠto	 ﾠthe	 ﾠSpt6	 ﾠSH22	 ﾠdomain,	 ﾠmay	 ﾠexist	 ﾠin	 ﾠyeast	 ﾠor	 ﾠother	 ﾠorganisms	 ﾠthat	 ﾠhave	 ﾠnot	 ﾠyet	 ﾠ
been	 ﾠidentified.	 ﾠ	 ﾠIt	 ﾠwould	 ﾠbe	 ﾠinteresting	 ﾠto	 ﾠexamine	 ﾠmetazoan	 ﾠgenomes	 ﾠfor	 ﾠsequences	 ﾠ
homologous	 ﾠto	 ﾠthat	 ﾠof	 ﾠthe	 ﾠnon-ﾭ‐standard	 ﾠSpt6	 ﾠSH22	 ﾠdomain	 ﾠto	 ﾠdetermine	 ﾠif	 ﾠother	 ﾠsimilar	 ﾠ
SH2	 ﾠdomains	 ﾠexist	 ﾠand	 ﾠhave	 ﾠpreviously	 ﾠescaped	 ﾠdetection.	 ﾠ	 ﾠDiscovery	 ﾠof	 ﾠother	 ﾠunique	 ﾠSH2	 ﾠ
domains	 ﾠwould	 ﾠnot	 ﾠonly	 ﾠconfirm	 ﾠthe	 ﾠexistence	 ﾠof	 ﾠa	 ﾠnew	 ﾠsubfamily	 ﾠof	 ﾠSH2	 ﾠdomains	 ﾠbut	 ﾠ
would	 ﾠalso	 ﾠhelp	 ﾠfurther	 ﾠour	 ﾠunderstanding	 ﾠof	 ﾠSH2	 ﾠdomain	 ﾠbiology.	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Lastly,	 ﾠgiven	 ﾠthat	 ﾠthe	 ﾠSH2	 ﾠtruncation	 ﾠmutants	 ﾠI	 ﾠconstructed	 ﾠhad	 ﾠsuch	 ﾠdramatic	 ﾠ
phenotypes,	 ﾠit	 ﾠmay	 ﾠbe	 ﾠuseful	 ﾠto	 ﾠtest	 ﾠthem	 ﾠfor	 ﾠother	 ﾠphenotypes	 ﾠor	 ﾠdefects.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠdo	 ﾠ
these	 ﾠtruncations	 ﾠhave	 ﾠany	 ﾠeffect	 ﾠon	 ﾠbinding	 ﾠSpn1	 ﾠor	 ﾠhistones?	 ﾠ	 ﾠDo	 ﾠthey	 ﾠaffect	 ﾠdsDNA	 ﾠ
binding	 ﾠor	 ﾠSpt6	 ﾠrecruitment	 ﾠto	 ﾠchromatin?	 ﾠ	 ﾠOne	 ﾠstudy	 ﾠhas	 ﾠshown	 ﾠthat	 ﾠdeletion	 ﾠof	 ﾠboth	 ﾠ
tandem	 ﾠSH2	 ﾠdomains	 ﾠdecreases	 ﾠSpt6	 ﾠchromatin	 ﾠrecruitment	 ﾠby	 ﾠtwo-ﾭ‐fold	 ﾠ(Mayer	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠ	 ﾠHowever,	 ﾠwhat	 ﾠis	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠdeleting	 ﾠjust	 ﾠone	 ﾠSH2	 ﾠdomain	 ﾠor	 ﾠthe	 ﾠother?	 ﾠ	 ﾠ
Answering	 ﾠthese	 ﾠquestions	 ﾠwould	 ﾠprovide	 ﾠvaluable	 ﾠinsights	 ﾠinto	 ﾠSpt6	 ﾠand	 ﾠSH2	 ﾠdomain	 ﾠ
function.	 ﾠ
	 ﾠ For	 ﾠthe	 ﾠfinal	 ﾠproject	 ﾠof	 ﾠChapter	 ﾠ2	 ﾠregarding	 ﾠSpn1,	 ﾠthere	 ﾠare	 ﾠa	 ﾠnumber	 ﾠof	 ﾠstructural	 ﾠ
experiments	 ﾠthat	 ﾠwould	 ﾠbe	 ﾠvery	 ﾠhelpful	 ﾠin	 ﾠthe	 ﾠfuture.	 ﾠ	 ﾠA	 ﾠkey	 ﾠexperiment	 ﾠis	 ﾠsolving	 ﾠthe	 ﾠ
structure	 ﾠof	 ﾠSpt6	 ﾠbound	 ﾠto	 ﾠhistones.	 ﾠ	 ﾠThis	 ﾠstructure	 ﾠwould	 ﾠbegin	 ﾠto	 ﾠanswer	 ﾠmany	 ﾠimportant	 ﾠ
questions	 ﾠof	 ﾠSpt6	 ﾠbiology	 ﾠsuch	 ﾠas	 ﾠhow	 ﾠmany	 ﾠand	 ﾠwhich	 ﾠhistones	 ﾠSpt6	 ﾠbinds,	 ﾠas	 ﾠwell	 ﾠas	 ﾠwhat	 ﾠ
residues	 ﾠof	 ﾠSpt6	 ﾠand	 ﾠhistones	 ﾠare	 ﾠlikely	 ﾠrequired	 ﾠfor	 ﾠtheir	 ﾠbinding	 ﾠinteraction.	 ﾠ	 ﾠAlso,	 ﾠnow	 ﾠ
that	 ﾠa	 ﾠnearly-ﾭ‐complete	 ﾠstructure	 ﾠof	 ﾠSpt6	 ﾠis	 ﾠsolved	 ﾠusing	 ﾠcombined	 ﾠdata	 ﾠfrom	 ﾠthree	 ﾠ
independently	 ﾠdetermined	 ﾠpartial	 ﾠstructures,	 ﾠit	 ﾠmay	 ﾠbe	 ﾠpossible	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠstructure	 ﾠ
of	 ﾠSpn1	 ﾠbound	 ﾠto	 ﾠthe	 ﾠentire	 ﾠSpt6	 ﾠprotein,	 ﾠinstead	 ﾠof	 ﾠonly	 ﾠa	 ﾠsmall	 ﾠportion	 ﾠof	 ﾠSpt6	 ﾠ(Close	 ﾠet	 ﾠ
al.,	 ﾠ2011;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010a;	 ﾠDiebold	 ﾠet	 ﾠal.,	 ﾠ2010b;	 ﾠLiu	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠMcDonald	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠ
Sun	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠwould	 ﾠindicate	 ﾠwhether	 ﾠSpn1	 ﾠhas	 ﾠany	 ﾠadditional	 ﾠinteractions	 ﾠwith	 ﾠ
other	 ﾠregions	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠComparison	 ﾠof	 ﾠan	 ﾠSpt6-ﾭ‐histone	 ﾠstructure	 ﾠwith	 ﾠan	 ﾠSpt6-ﾭ‐Spn1	 ﾠ
structure	 ﾠwould	 ﾠbe	 ﾠparticularly	 ﾠintriguing	 ﾠand	 ﾠwould	 ﾠreveal	 ﾠwhether	 ﾠSpt6	 ﾠundergoes	 ﾠany	 ﾠ
conformational	 ﾠchanges	 ﾠwhen	 ﾠswitching	 ﾠbetween	 ﾠbinding	 ﾠpartners.	 ﾠ	 ﾠOverall,	 ﾠfuture	 ﾠ
structural	 ﾠstudies	 ﾠof	 ﾠSpt6,	 ﾠSpn1	 ﾠand	 ﾠhistones	 ﾠare	 ﾠan	 ﾠimportant	 ﾠnext	 ﾠstep	 ﾠfor	 ﾠdetermining	 ﾠ
the	 ﾠdetails	 ﾠof	 ﾠSpt6	 ﾠinteractions	 ﾠwith	 ﾠits	 ﾠbinding	 ﾠpartners.	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 ﾠ In	 ﾠthe	 ﾠproject	 ﾠdescribed	 ﾠin	 ﾠChapter	 ﾠ3,	 ﾠI	 ﾠexplored	 ﾠa	 ﾠpossible	 ﾠrole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠ
transcription-ﾭ‐associated	 ﾠmutagenesis.	 ﾠ	 ﾠSpt6	 ﾠhas	 ﾠpreviously	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠhave	 ﾠa	 ﾠnumber	 ﾠ
of	 ﾠDDR-ﾭ‐related	 ﾠmutant	 ﾠphenotypes	 ﾠindicating	 ﾠa	 ﾠrole	 ﾠin	 ﾠDDR,	 ﾠand	 ﾠits	 ﾠhistone	 ﾠchaperone	 ﾠ
activity	 ﾠand	 ﾠrecruitment	 ﾠto	 ﾠtranscribing	 ﾠRNAPII	 ﾠsuggests	 ﾠthat	 ﾠSpt6	 ﾠmight	 ﾠassist	 ﾠin	 ﾠ
preventing	 ﾠtranscription-ﾭ‐associated	 ﾠmutagenesis	 ﾠor	 ﾠTAM.	 ﾠ	 ﾠTo	 ﾠaddress	 ﾠthis	 ﾠquestion	 ﾠas	 ﾠ
comprehensively	 ﾠas	 ﾠpossible,	 ﾠI	 ﾠemployed	 ﾠall	 ﾠcurrently	 ﾠavailable	 ﾠpublished	 ﾠstandard	 ﾠTAM	 ﾠ
assays	 ﾠas	 ﾠwell	 ﾠas	 ﾠone	 ﾠnew	 ﾠassay	 ﾠthat	 ﾠI	 ﾠconstructed	 ﾠmyself	 ﾠbased	 ﾠon	 ﾠdata	 ﾠfrom	 ﾠprevious	 ﾠSpt6	 ﾠ
experiments	 ﾠperformed	 ﾠin	 ﾠour	 ﾠlab.	 ﾠ	 ﾠHowever,	 ﾠno	 ﾠdefinitive	 ﾠconclusion	 ﾠcould	 ﾠbe	 ﾠmade	 ﾠ
regarding	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠspt6-ﾭ1004	 ﾠon	 ﾠTAM	 ﾠbecause	 ﾠit	 ﾠcaused	 ﾠdifferent	 ﾠeffects	 ﾠin	 ﾠdifferent	 ﾠ
assays.	 ﾠ
There	 ﾠis	 ﾠan	 ﾠurgent	 ﾠneed	 ﾠin	 ﾠthis	 ﾠfield	 ﾠis	 ﾠfor	 ﾠnew	 ﾠand	 ﾠmore	 ﾠreliable	 ﾠTAM	 ﾠassays,	 ﾠ
especially	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠstudying	 ﾠSpt6.	 ﾠ	 ﾠOne	 ﾠof	 ﾠthe	 ﾠmain	 ﾠdrawbacks	 ﾠof	 ﾠthe	 ﾠcurrent	 ﾠTAM	 ﾠ
assays	 ﾠused	 ﾠis	 ﾠthat	 ﾠSpt6	 ﾠinterferes	 ﾠwith	 ﾠthe	 ﾠrequired	 ﾠinducible	 ﾠpromoters.	 ﾠ	 ﾠOne	 ﾠapproach	 ﾠto	 ﾠ
avoid	 ﾠthis	 ﾠis	 ﾠto	 ﾠuse	 ﾠa	 ﾠpromoter	 ﾠsystem	 ﾠthat	 ﾠis	 ﾠunaffected	 ﾠby	 ﾠSpt6.	 ﾠ	 ﾠAlternatives	 ﾠinclude	 ﾠ
steroid-ﾭ‐regulated	 ﾠor	 ﾠmetal	 ﾠion-ﾭ‐regulated	 ﾠpromoters	 ﾠ(Gao	 ﾠand	 ﾠPinkham,	 ﾠ2000;	 ﾠLeskinen	 ﾠet	 ﾠ
al.,	 ﾠ2003;	 ﾠMacreadie	 ﾠet	 ﾠal.,	 ﾠ1989).	 ﾠ	 ﾠHowever,	 ﾠto	 ﾠmy	 ﾠknowledge,	 ﾠthere	 ﾠis	 ﾠno	 ﾠdata	 ﾠregarding	 ﾠ
the	 ﾠeffect	 ﾠof	 ﾠSpt6	 ﾠon	 ﾠthese	 ﾠpromoters	 ﾠso	 ﾠthat	 ﾠwould	 ﾠneed	 ﾠto	 ﾠbe	 ﾠtested	 ﾠbeforehand	 ﾠby	 ﾠ
Northern	 ﾠblot	 ﾠand	 ﾠquantitative	 ﾠreal	 ﾠtime	 ﾠPCR	 ﾠ(qPCR)	 ﾠanalysis.	 ﾠ
Another	 ﾠapproach	 ﾠfor	 ﾠimproving	 ﾠthe	 ﾠcurrent	 ﾠTAM	 ﾠassays	 ﾠwould	 ﾠbe	 ﾠto	 ﾠconstruct	 ﾠTAM	 ﾠ
detection	 ﾠsystems	 ﾠat	 ﾠother	 ﾠloci	 ﾠin	 ﾠthe	 ﾠgenome	 ﾠ(for	 ﾠexample,	 ﾠinsert	 ﾠURA3	 ﾠat	 ﾠother	 ﾠhighly	 ﾠor	 ﾠ
lowly	 ﾠtranscribed	 ﾠgenes	 ﾠor	 ﾠuse	 ﾠgenes	 ﾠother	 ﾠthan	 ﾠCAN1	 ﾠand	 ﾠLYS2	 ﾠas	 ﾠreporters).	 ﾠ	 ﾠIn	 ﾠan	 ﾠideal	 ﾠ
world,	 ﾠTAM	 ﾠlevels	 ﾠwould	 ﾠbe	 ﾠassayed	 ﾠgenome-ﾭ‐wide	 ﾠto	 ﾠget	 ﾠa	 ﾠcomplete	 ﾠpicture	 ﾠof	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠ
spt6	 ﾠmutants	 ﾠon	 ﾠmutagenesis.	 ﾠ	 ﾠRecent	 ﾠadvances	 ﾠin	 ﾠsingle-ﾭ‐cell	 ﾠsequencing	 ﾠtechnology	 ﾠcould	 ﾠ	 ﾠ 166	 ﾠ
theoretically	 ﾠbe	 ﾠused	 ﾠto	 ﾠexamine	 ﾠTAM	 ﾠgenome-ﾭ‐wide	 ﾠin	 ﾠa	 ﾠpopulation	 ﾠof	 ﾠcells	 ﾠin	 ﾠthe	 ﾠfuture	 ﾠ
(Hou	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠNavin	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠVoet	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠXu	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠ
Zong	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠWhole	 ﾠgenome	 ﾠsequencing	 ﾠwould	 ﾠalso	 ﾠenable	 ﾠresearchers	 ﾠto	 ﾠdetermine	 ﾠ
the	 ﾠtypes	 ﾠof	 ﾠmutations	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 ﾠ
currently	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 ﾠas	 ﾠhuman	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Exploring	 ﾠa	 ﾠRole	 ﾠfor	 ﾠSpt6	 ﾠin	 ﾠHomologous	 ﾠRecombination	 ﾠ	 ﾠ 174	 ﾠ
Attribution	 ﾠof	 ﾠExperiments	 ﾠin	 ﾠAppendix	 ﾠ1	 ﾠ
All	 ﾠyeast	 ﾠstrain	 ﾠconstruction,	 ﾠassays,	 ﾠand	 ﾠfigures	 ﾠwere	 ﾠcompleted	 ﾠby	 ﾠErin	 ﾠLoeliger.	 ﾠ	 ﾠThe	 ﾠ
GAL1-ﾭHO	 ﾠstrain	 ﾠwas	 ﾠkindly	 ﾠprovided	 ﾠby	 ﾠthe	 ﾠlab	 ﾠof	 ﾠJames	 ﾠHaber.	 ﾠ	 ﾠ 175	 ﾠ
	 ﾠOverview	 ﾠ
	 ﾠ
This	 ﾠappendix	 ﾠsummarizes	 ﾠexperiments	 ﾠto	 ﾠtest	 ﾠfor	 ﾠa	 ﾠpossible	 ﾠrole	 ﾠof	 ﾠSpt6	 ﾠin	 ﾠDNA	 ﾠ
damage	 ﾠrepair.	 ﾠ	 ﾠIt	 ﾠfocuses	 ﾠon	 ﾠdouble-ﾭ‐strand	 ﾠbreak	 ﾠ(DSB)	 ﾠrepair	 ﾠby	 ﾠhomologous	 ﾠ
recombination	 ﾠ(HR),	 ﾠthe	 ﾠdominant	 ﾠrepair	 ﾠmechanism	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠ(Lisby	 ﾠand	 ﾠRothstein,	 ﾠ
2009).	 ﾠ	 ﾠOverall,	 ﾠthe	 ﾠspt6	 ﾠmutant,	 ﾠspt6-ﾭ1004	 ﾠwas	 ﾠfound	 ﾠto	 ﾠhave	 ﾠno	 ﾠapparent	 ﾠeffect	 ﾠon	 ﾠHR	 ﾠby	 ﾠ




Many	 ﾠchromatin	 ﾠremodelers	 ﾠand	 ﾠhistone	 ﾠchaperones	 ﾠhave	 ﾠbeen	 ﾠimplicated	 ﾠin	 ﾠDNA	 ﾠ
damage	 ﾠrepair	 ﾠ(De	 ﾠKoning	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠGospodinov	 ﾠand	 ﾠHerceg,	 ﾠ2013;	 ﾠGroth	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠ
Kim	 ﾠand	 ﾠHaber,	 ﾠ2009;	 ﾠSeeber	 ﾠet	 ﾠal.,	 ﾠ2013;	 ﾠTsabar	 ﾠand	 ﾠHaber,	 ﾠ2013).	 ﾠ	 ﾠPreliminary	 ﾠdata	 ﾠ
shows	 ﾠthat	 ﾠspt6	 ﾠmutants	 ﾠare	 ﾠsensitive	 ﾠto	 ﾠthe	 ﾠDNA-ﾭ‐damaging	 ﾠagent	 ﾠphleomycin	 ﾠ(I.	 ﾠ
Ivanovska,	 ﾠunpublished	 ﾠdata;	 ﾠE.	 ﾠLoeliger,	 ﾠunpublished	 ﾠdata).	 ﾠ	 ﾠAlso,	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠ
interacts	 ﾠgenetically	 ﾠwith	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠDUN1	 ﾠgene	 ﾠ(I.	 ﾠIvanovska,	 ﾠunpublished	 ﾠdata);	 ﾠDun1	 ﾠ
is	 ﾠa	 ﾠkinase	 ﾠinvolved	 ﾠin	 ﾠHR,	 ﾠthe	 ﾠmain	 ﾠDSB	 ﾠrepair	 ﾠpathway	 ﾠin	 ﾠS.	 ﾠcerevisiae	 ﾠ(Chen	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠ
Zhou	 ﾠand	 ﾠElledge,	 ﾠ1993).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠspt6	 ﾠmutants	 ﾠhave	 ﾠincreased	 ﾠDNA	 ﾠrecombination	 ﾠ
(Malagon	 ﾠand	 ﾠAguilera,	 ﾠ1996,	 ﾠ2001).	 ﾠ	 ﾠThese	 ﾠfindings	 ﾠprompted	 ﾠus	 ﾠto	 ﾠask	 ﾠwhether	 ﾠSpt6	 ﾠis	 ﾠ
involved	 ﾠin	 ﾠDSB	 ﾠrepair	 ﾠthrough	 ﾠHR,	 ﾠperhaps	 ﾠby	 ﾠaffecting	 ﾠchromatin	 ﾠstructure	 ﾠnear	 ﾠDSBs.	 ﾠ
	 ﾠ To	 ﾠdetermine	 ﾠwhether	 ﾠSpt6	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠDSB	 ﾠrepair,	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠ
(known	 ﾠto	 ﾠbe	 ﾠsensitive	 ﾠto	 ﾠphleomycin)	 ﾠwas	 ﾠassayed	 ﾠfor	 ﾠDSB	 ﾠrepair	 ﾠefficiency	 ﾠusing	 ﾠa	 ﾠ
specialized	 ﾠyeast	 ﾠstrain	 ﾠcreated	 ﾠby	 ﾠthe	 ﾠHaber	 ﾠlab	 ﾠ(Kim	 ﾠand	 ﾠHaber,	 ﾠ2009;	 ﾠTsukuda	 ﾠet	 ﾠal.,	 ﾠ	 ﾠ 176	 ﾠ
2009).	 ﾠ	 ﾠIn	 ﾠthis	 ﾠstrain	 ﾠ(referred	 ﾠto	 ﾠhere	 ﾠas	 ﾠthe	 ﾠGAL1-ﾭHO	 ﾠstrain),	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠHO	 ﾠ
endonuclease	 ﾠregulated	 ﾠby	 ﾠthe	 ﾠGAL1	 ﾠpromoter	 ﾠproduces	 ﾠa	 ﾠsingle	 ﾠDSB	 ﾠwithin	 ﾠthe	 ﾠMATα	 ﾠ
locus	 ﾠon	 ﾠchromosome	 ﾠIII	 ﾠwhen	 ﾠinduced	 ﾠwith	 ﾠgalactose	 ﾠ(Figure	 ﾠA1-ﾭ‐1)	 ﾠ(Kim	 ﾠand	 ﾠHaber,	 ﾠ
2009).	 ﾠ	 ﾠThis	 ﾠGAL1-ﾭHO	 ﾠstrain	 ﾠlacks	 ﾠboth	 ﾠthe	 ﾠHMLα	 ﾠand	 ﾠHMRa	 ﾠloci	 ﾠthat	 ﾠnormally	 ﾠcould	 ﾠrepair	 ﾠ
the	 ﾠMAT	 ﾠlocus	 ﾠby	 ﾠhomologous	 ﾠrecombination,	 ﾠresulting	 ﾠin	 ﾠmating	 ﾠtype	 ﾠswitching.	 ﾠ	 ﾠHowever,	 ﾠ
this	 ﾠGAL1-ﾭHO	 ﾠstrain	 ﾠhas	 ﾠbeen	 ﾠengineered	 ﾠto	 ﾠhave	 ﾠan	 ﾠadditional	 ﾠcopy	 ﾠof	 ﾠthe	 ﾠMATa	 ﾠlocus,	 ﾠ
MATa-ﾭ‐inc,	 ﾠon	 ﾠchromosome	 ﾠV	 ﾠwhich	 ﾠallows	 ﾠrepair	 ﾠthrough	 ﾠectopic	 ﾠrecombination.	 ﾠ	 ﾠMATa-ﾭ‐
inc	 ﾠdiffers	 ﾠfrom	 ﾠMATa	 ﾠonly	 ﾠin	 ﾠthat	 ﾠit	 ﾠcontains	 ﾠa	 ﾠmutation	 ﾠrendering	 ﾠit	 ﾠresistant	 ﾠto	 ﾠHO	 ﾠ
digestion.	 ﾠ	 ﾠThus,	 ﾠonce	 ﾠthe	 ﾠDSB	 ﾠhas	 ﾠbeen	 ﾠrepaired	 ﾠby	 ﾠhomologous	 ﾠrecombination	 ﾠusing	 ﾠ
MATa-ﾭ‐inc,	 ﾠthe	 ﾠstrain	 ﾠwill	 ﾠnot	 ﾠbe	 ﾠsensitive	 ﾠto	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠgalactose-ﾭ‐inducible	 ﾠHO.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠ
system,	 ﾠviability	 ﾠwhen	 ﾠgrown	 ﾠon	 ﾠgalactose	 ﾠis	 ﾠa	 ﾠread-ﾭ‐out	 ﾠof	 ﾠDSB	 ﾠrepair	 ﾠefficiency.	 ﾠ	 ﾠ
Using	 ﾠstandard	 ﾠtechniques,	 ﾠthe	 ﾠspt6-ﾭ1004	 ﾠmutation	 ﾠwas	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠGAL1-ﾭHO	 ﾠ
strain	 ﾠdescribed	 ﾠabove,	 ﾠreplacing	 ﾠwild-ﾭ‐type	 ﾠSPT6	 ﾠ(Rose	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠThese	 ﾠstrains	 ﾠwere	 ﾠ
grown	 ﾠin	 ﾠYPLactate	 ﾠmedium	 ﾠuntil	 ﾠlog	 ﾠphase	 ﾠand	 ﾠthen	 ﾠplated	 ﾠon	 ﾠYPGlucose	 ﾠ(no	 ﾠDSB	 ﾠcontrol)	 ﾠ
or	 ﾠYPGalactose	 ﾠ(DSB	 ﾠinduction).	 ﾠ	 ﾠAs	 ﾠcontrols,	 ﾠthis	 ﾠprotocol	 ﾠwas	 ﾠrepeated	 ﾠwith	 ﾠthe	 ﾠoriginal	 ﾠ
GAL1-ﾭHO	 ﾠstrain	 ﾠand	 ﾠwith	 ﾠan	 ﾠspt6-ﾭ1004	 ﾠstrain	 ﾠlacking	 ﾠthe	 ﾠGAL1-ﾭHO	 ﾠsystem.	 ﾠ	 ﾠThe	 ﾠnumber	 ﾠof	 ﾠ
colonies	 ﾠon	 ﾠgalactose	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcolonies	 ﾠon	 ﾠglucose	 ﾠwas	 ﾠcalculated	 ﾠafter	 ﾠ






Figure	 ﾠA1-ﾭ1:	 ﾠSystem	 ﾠfor	 ﾠanalysis	 ﾠof	 ﾠDSB	 ﾠrepair.	 ﾠ	 ﾠA.	 ﾠSchematic	 ﾠof	 ﾠnormal	 ﾠmating	 ﾠtype	 ﾠ
switching	 ﾠat	 ﾠthe	 ﾠMAT	 ﾠlocus.	 ﾠ	 ﾠThe	 ﾠMAT	 ﾠlocus	 ﾠ(dark	 ﾠblue)	 ﾠconverts	 ﾠbetween	 ﾠtwo	 ﾠalleles,	 ﾠMATα	 ﾠ
and	 ﾠMATa,	 ﾠby	 ﾠhomologous	 ﾠrecombination	 ﾠusing	 ﾠinformation	 ﾠfrom	 ﾠone	 ﾠof	 ﾠtwo	 ﾠsilent	 ﾠmating	 ﾠ
type	 ﾠcassettes	 ﾠ(HMLα	 ﾠand	 ﾠHMRa,	 ﾠgreen	 ﾠand	 ﾠpurple).	 ﾠ	 ﾠThis	 ﾠprocess	 ﾠis	 ﾠinitiated	 ﾠby	 ﾠHO	 ﾠwhich	 ﾠ
generates	 ﾠa	 ﾠsite-ﾭ‐specific	 ﾠDSB	 ﾠleading	 ﾠto	 ﾠHR	 ﾠusing	 ﾠone	 ﾠof	 ﾠthe	 ﾠsilent	 ﾠmating	 ﾠtype	 ﾠcassettes	 ﾠto	 ﾠ
repair	 ﾠthe	 ﾠMAT	 ﾠlocus.	 ﾠ	 ﾠB.	 ﾠThe	 ﾠDSB	 ﾠsystem	 ﾠdeveloped	 ﾠby	 ﾠthe	 ﾠHaber	 ﾠlab	 ﾠ(Kim	 ﾠand	 ﾠHaber,	 ﾠ
2009).	 ﾠ	 ﾠIn	 ﾠthis	 ﾠsystem,	 ﾠHO	 ﾠis	 ﾠcontrolled	 ﾠby	 ﾠa	 ﾠgalactose-ﾭ‐inducible	 ﾠpromoter.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠpresence	 ﾠ
of	 ﾠgalactose,	 ﾠa	 ﾠsite-ﾭ‐specific	 ﾠDSB	 ﾠis	 ﾠgenerated.	 ﾠ	 ﾠIn	 ﾠthese	 ﾠcells,	 ﾠhowever,	 ﾠboth	 ﾠsilent	 ﾠmating	 ﾠ
type	 ﾠcassettes	 ﾠhave	 ﾠbeen	 ﾠdeleted,	 ﾠpreventing	 ﾠnormal	 ﾠmating	 ﾠtype	 ﾠswitching.	 ﾠ	 ﾠInstead,	 ﾠan	 ﾠ
additional	 ﾠmating	 ﾠtype	 ﾠcassette,	 ﾠMATa-ﾭinc,	 ﾠhas	 ﾠbeen	 ﾠinserted	 ﾠon	 ﾠchromosome	 ﾠV	 ﾠ(light	 ﾠblue).	 ﾠ	 ﾠ
This	 ﾠcassette	 ﾠis	 ﾠidentical	 ﾠto	 ﾠMATa	 ﾠexcept	 ﾠfor	 ﾠa	 ﾠmutation	 ﾠrendering	 ﾠit	 ﾠresistant	 ﾠto	 ﾠHO	 ﾠ
digestion.	 ﾠ	 ﾠIf	 ﾠHR	 ﾠis	 ﾠfunctioning	 ﾠnormally,	 ﾠMATα	 ﾠwill	 ﾠbe	 ﾠreplaced	 ﾠby	 ﾠMATa-ﾭinc	 ﾠand	 ﾠthe	 ﾠstrain	 ﾠ
will	 ﾠbe	 ﾠunaffected	 ﾠby	 ﾠgalactose-ﾭ‐inducible	 ﾠHO.	 ﾠ	 ﾠHowever,	 ﾠif	 ﾠHR	 ﾠis	 ﾠdefective,	 ﾠMATα	 ﾠwill	 ﾠbe	 ﾠleft	 ﾠ
unrepaired,	 ﾠresulting	 ﾠin	 ﾠcell	 ﾠdeath.	 ﾠ	 ﾠC.	 ﾠSummary	 ﾠof	 ﾠpossible	 ﾠoutcomes	 ﾠof	 ﾠassay.	 ﾠ(This	 ﾠfigure	 ﾠ














Figure	 ﾠA1-ﾭ1:	 ﾠSystem	 ﾠfor	 ﾠanalysis	 ﾠof	 ﾠDSB	 ﾠrepair	 ﾠ(Continued).	 ﾠ	 ﾠ 179	 ﾠ
Results	 ﾠand	 ﾠDiscussion	 ﾠ
	 ﾠ
	 ﾠ In	 ﾠmy	 ﾠhands,	 ﾠthis	 ﾠDSB	 ﾠassay	 ﾠwas	 ﾠreproducible	 ﾠand	 ﾠconsistent	 ﾠwith	 ﾠwhat	 ﾠwas	 ﾠ
previously	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠ(Figure	 ﾠA1-ﾭ‐2)	 ﾠ(Kim	 ﾠand	 ﾠHaber,	 ﾠ2009).	 ﾠ	 ﾠHowever,	 ﾠthere	 ﾠ
was	 ﾠno	 ﾠsignificant	 ﾠdifference	 ﾠin	 ﾠDSB	 ﾠrepair	 ﾠbetween	 ﾠthe	 ﾠGAL1-ﾭHO	 ﾠand	 ﾠGAL1-ﾭHO	 ﾠspt6-ﾭ1004	 ﾠ
strains.	 ﾠ	 ﾠThis	 ﾠindicates	 ﾠthat	 ﾠspt6-ﾭ1004	 ﾠdoes	 ﾠnot	 ﾠaffect	 ﾠDSB	 ﾠrepair	 ﾠby	 ﾠHR	 ﾠusing	 ﾠthis	 ﾠassay.	 ﾠ
	 ﾠ There	 ﾠare	 ﾠboth	 ﾠbiological	 ﾠand	 ﾠtechnical	 ﾠpossible	 ﾠreasons	 ﾠwhy	 ﾠspt6-ﾭ1004	 ﾠshowed	 ﾠno	 ﾠ
effect	 ﾠon	 ﾠHR	 ﾠby	 ﾠthis	 ﾠassay.	 ﾠ	 ﾠSpt6	 ﾠis	 ﾠknown	 ﾠto	 ﾠaffect	 ﾠthe	 ﾠmagnitude	 ﾠof	 ﾠinduction	 ﾠat	 ﾠgalactose-ﾭ‐
inducible	 ﾠpromoters	 ﾠ(Kaplan	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠAs	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ3,	 ﾠassays	 ﾠrelying	 ﾠon	 ﾠ
such	 ﾠpromoters	 ﾠcan	 ﾠbe	 ﾠdrastically	 ﾠcompromised	 ﾠby	 ﾠspt6	 ﾠmutants,	 ﾠleading	 ﾠto	 ﾠambiguous	 ﾠor	 ﾠ
negative	 ﾠresults.	 ﾠ	 ﾠTo	 ﾠcheck	 ﾠfor	 ﾠthis,	 ﾠHO	 ﾠinduction	 ﾠcould	 ﾠbe	 ﾠmonitored	 ﾠby	 ﾠNorthern	 ﾠblot	 ﾠ
analysis	 ﾠand	 ﾠsufficient	 ﾠDSB	 ﾠformation	 ﾠcould	 ﾠbe	 ﾠdetected	 ﾠby	 ﾠSouthern	 ﾠblot	 ﾠanalysis	 ﾠusing	 ﾠa	 ﾠ
probe	 ﾠcorresponding	 ﾠto	 ﾠthe	 ﾠHO	 ﾠdigest	 ﾠsite	 ﾠ(Keogh	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠKim	 ﾠand	 ﾠHaber,	 ﾠ2009).	 ﾠ
It	 ﾠis	 ﾠalso	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠspt6	 ﾠmutants	 ﾠon	 ﾠDSB	 ﾠrepair	 ﾠare	 ﾠallele-ﾭ‐specific	 ﾠas	 ﾠ
has	 ﾠbeen	 ﾠseen	 ﾠwith	 ﾠother	 ﾠphenotypes	 ﾠ(Chu	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ	 ﾠTherefore,	 ﾠit	 ﾠmay	 ﾠbe	 ﾠinformative	 ﾠto	 ﾠ
assay	 ﾠDSB	 ﾠrepair	 ﾠin	 ﾠother	 ﾠspt6	 ﾠmutants.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠit	 ﾠis	 ﾠconceivable	 ﾠthat	 ﾠSpt6	 ﾠhas	 ﾠa	 ﾠrole	 ﾠin	 ﾠ
non-ﾭ‐homologous	 ﾠend	 ﾠjoining	 ﾠ(NHEJ),	 ﾠan	 ﾠalternative	 ﾠpathway	 ﾠfor	 ﾠDSB	 ﾠrepair	 ﾠin	 ﾠS.	 ﾠcerevisiae.	 ﾠ	 ﾠ
To	 ﾠexplore	 ﾠthis	 ﾠpossibility,	 ﾠNHEJ	 ﾠefficiency	 ﾠcould	 ﾠbe	 ﾠdetermined	 ﾠby	 ﾠa	 ﾠplasmid	 ﾠrepair	 ﾠassay	 ﾠ
where	 ﾠrepair	 ﾠof	 ﾠa	 ﾠlinearized	 ﾠplasmid	 ﾠwhich	 ﾠcan	 ﾠonly	 ﾠbe	 ﾠrepaired	 ﾠthrough	 ﾠNHEJ	 ﾠis	 ﾠmeasured	 ﾠ
(Boulton	 ﾠand	 ﾠJackson,	 ﾠ1996).	 ﾠ	 ﾠ 180	 ﾠ
	 ﾠ
	 ﾠ
Figure	 ﾠA1-ﾭ2:	 ﾠDSB	 ﾠassay	 ﾠresults	 ﾠfor	 ﾠspt6-ﾭ1004.	 ﾠ	 ﾠData	 ﾠshown	 ﾠis	 ﾠthe	 ﾠaverage	 ﾠof	 ﾠthree	 ﾠ
experiments,	 ﾠand	 ﾠthe	 ﾠerror	 ﾠbars	 ﾠindicate	 ﾠstandard	 ﾠerror.	 ﾠ	 ﾠThe	 ﾠpositive	 ﾠcontrol	 ﾠ(GAL1-ﾭHO	 ﾠ
asf1Δ	 ﾠcac1Δ),	 ﾠwhich	 ﾠcontains	 ﾠdeletions	 ﾠof	 ﾠtwo	 ﾠhistone	 ﾠchaperones	 ﾠknown	 ﾠto	 ﾠaffect	 ﾠDSB	 ﾠ
repair,	 ﾠhas	 ﾠan	 ﾠexpected	 ﾠdecrease	 ﾠin	 ﾠDSB	 ﾠrepair	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠthree	 ﾠnegative	 ﾠcontrols	 ﾠ
(WT,	 ﾠspt6-ﾭ1004	 ﾠ(without	 ﾠthe	 ﾠGAL1-ﾭHO	 ﾠsystem),	 ﾠand	 ﾠGAL1-ﾭHO).	 ﾠ	 ﾠGAL1-ﾭHO	 ﾠspt6-ﾭ1004	 ﾠis	 ﾠ
identical	 ﾠto	 ﾠthe	 ﾠGAL1-ﾭHO	 ﾠnegative	 ﾠcontrol.	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ 181	 ﾠ
References	 ﾠ
	 ﾠ
Boulton,	 ﾠS.J.,	 ﾠand	 ﾠJackson,	 ﾠS.P.	 ﾠ(1996).	 ﾠIdentification	 ﾠof	 ﾠa	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠKu80	 ﾠ
homologue:	 ﾠroles	 ﾠin	 ﾠDNA	 ﾠdouble	 ﾠstrand	 ﾠbreak	 ﾠrejoining	 ﾠand	 ﾠin	 ﾠtelomeric	 ﾠmaintenance.	 ﾠ
Nucleic	 ﾠAcids	 ﾠRes	 ﾠ24,	 ﾠ4639-ﾭ‐4648.	 ﾠ
Chen,	 ﾠS.H.,	 ﾠSmolka,	 ﾠM.B.,	 ﾠand	 ﾠZhou,	 ﾠH.	 ﾠ(2007).	 ﾠMechanism	 ﾠof	 ﾠDun1	 ﾠactivation	 ﾠby	 ﾠRad53	 ﾠ
phosphorylation	 ﾠin	 ﾠSaccharomyces	 ﾠcerevisiae.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ282,	 ﾠ986-ﾭ‐995.	 ﾠ
Chu,	 ﾠY.,	 ﾠSutton,	 ﾠA.,	 ﾠSternglanz,	 ﾠR.,	 ﾠand	 ﾠPrelich,	 ﾠG.	 ﾠ(2006).	 ﾠThe	 ﾠBUR1	 ﾠcyclin-ﾭ‐dependent	 ﾠ
protein	 ﾠkinase	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠthe	 ﾠnormal	 ﾠpattern	 ﾠof	 ﾠhistone	 ﾠmethylation	 ﾠby	 ﾠSET2.	 ﾠMol	 ﾠCell	 ﾠ
Biol	 ﾠ26,	 ﾠ3029-ﾭ‐3038.	 ﾠ
De	 ﾠKoning,	 ﾠL.,	 ﾠCorpet,	 ﾠA.,	 ﾠHaber,	 ﾠJ.E.,	 ﾠand	 ﾠAlmouzni,	 ﾠG.	 ﾠ(2007).	 ﾠHistone	 ﾠchaperones:	 ﾠan	 ﾠescort	 ﾠ
network	 ﾠregulating	 ﾠhistone	 ﾠtraffic.	 ﾠNat	 ﾠStruct	 ﾠMol	 ﾠBiol	 ﾠ14,	 ﾠ997-ﾭ‐1007.	 ﾠ
Gospodinov,	 ﾠA.,	 ﾠand	 ﾠHerceg,	 ﾠZ.	 ﾠ(2013).	 ﾠChromatin	 ﾠstructure	 ﾠin	 ﾠdouble	 ﾠstrand	 ﾠbreak	 ﾠrepair.	 ﾠ
DNA	 ﾠRepair	 ﾠ(Amst)	 ﾠ12,	 ﾠ800-ﾭ‐810.	 ﾠ
Groth,	 ﾠA.,	 ﾠRocha,	 ﾠW.,	 ﾠVerreault,	 ﾠA.,	 ﾠand	 ﾠAlmouzni,	 ﾠG.	 ﾠ(2007).	 ﾠChromatin	 ﾠchallenges	 ﾠduring	 ﾠ
DNA	 ﾠreplication	 ﾠand	 ﾠrepair.	 ﾠCell	 ﾠ128,	 ﾠ721-ﾭ‐733.	 ﾠ
Kaplan,	 ﾠC.D.,	 ﾠHolland,	 ﾠM.J.,	 ﾠand	 ﾠWinston,	 ﾠF.	 ﾠ(2005).	 ﾠInteraction	 ﾠbetween	 ﾠtranscription	 ﾠ
elongation	 ﾠfactors	 ﾠand	 ﾠmRNA	 ﾠ3'-ﾭ‐end	 ﾠformation	 ﾠat	 ﾠthe	 ﾠSaccharomyces	 ﾠcerevisiae	 ﾠGAL10-ﾭ‐
GAL7	 ﾠlocus.	 ﾠJ	 ﾠBiol	 ﾠChem	 ﾠ280,	 ﾠ913-ﾭ‐922.	 ﾠ
Keogh,	 ﾠM.C.,	 ﾠKim,	 ﾠJ.A.,	 ﾠDowney,	 ﾠM.,	 ﾠFillingham,	 ﾠJ.,	 ﾠChowdhury,	 ﾠD.,	 ﾠHarrison,	 ﾠJ.C.,	 ﾠOnishi,	 ﾠM.,	 ﾠ
Datta,	 ﾠN.,	 ﾠGalicia,	 ﾠS.,	 ﾠEmili,	 ﾠA.,	 ﾠet	 ﾠal.	 ﾠ(2006).	 ﾠA	 ﾠphosphatase	 ﾠcomplex	 ﾠthat	 ﾠdephosphorylates	 ﾠ
gammaH2AX	 ﾠregulates	 ﾠDNA	 ﾠdamage	 ﾠcheckpoint	 ﾠrecovery.	 ﾠNature	 ﾠ439,	 ﾠ497-ﾭ‐501.	 ﾠ
Kim,	 ﾠJ.A.,	 ﾠand	 ﾠHaber,	 ﾠJ.E.	 ﾠ(2009).	 ﾠChromatin	 ﾠassembly	 ﾠfactors	 ﾠAsf1	 ﾠand	 ﾠCAF-ﾭ‐1	 ﾠhave	 ﾠ
overlapping	 ﾠroles	 ﾠin	 ﾠdeactivating	 ﾠthe	 ﾠDNA	 ﾠdamage	 ﾠcheckpoint	 ﾠwhen	 ﾠDNA	 ﾠrepair	 ﾠis	 ﾠ
complete.	 ﾠProc	 ﾠNatl	 ﾠAcad	 ﾠSci	 ﾠU	 ﾠS	 ﾠA	 ﾠ106,	 ﾠ1151-ﾭ‐1156.	 ﾠ
Lisby,	 ﾠM.,	 ﾠand	 ﾠRothstein,	 ﾠR.	 ﾠ(2009).	 ﾠChoreography	 ﾠof	 ﾠrecombination	 ﾠproteins	 ﾠduring	 ﾠthe	 ﾠ
DNA	 ﾠdamage	 ﾠresponse.	 ﾠDNA	 ﾠRepair	 ﾠ(Amst)	 ﾠ8,	 ﾠ1068-ﾭ‐1076.	 ﾠ
Malagon,	 ﾠF.,	 ﾠand	 ﾠAguilera,	 ﾠA.	 ﾠ(1996).	 ﾠDifferential	 ﾠintrachromosomal	 ﾠhyper-ﾭ‐recombination	 ﾠ
phenotype	 ﾠof	 ﾠspt4	 ﾠand	 ﾠspt6	 ﾠmutants	 ﾠof	 ﾠS.	 ﾠcerevisiae.	 ﾠCurr	 ﾠGenet	 ﾠ30,	 ﾠ101-ﾭ‐106.	 ﾠ
Malagon,	 ﾠF.,	 ﾠand	 ﾠAguilera,	 ﾠA.	 ﾠ(2001).	 ﾠYeast	 ﾠspt6-ﾭ‐140	 ﾠmutation,	 ﾠaffecting	 ﾠchromatin	 ﾠand	 ﾠ
transcription,	 ﾠpreferentially	 ﾠincreases	 ﾠrecombination	 ﾠin	 ﾠwhich	 ﾠRad51p-ﾭ‐mediated	 ﾠstrand	 ﾠ
exchange	 ﾠis	 ﾠdispensable.	 ﾠGenetics	 ﾠ158,	 ﾠ597-ﾭ‐611.	 ﾠ
Rose,	 ﾠM.,	 ﾠWinston,	 ﾠF.,	 ﾠand	 ﾠHieter,	 ﾠP.	 ﾠ(1990).	 ﾠMethods	 ﾠin	 ﾠyeast	 ﾠgenetics:	 ﾠa	 ﾠlaboratory	 ﾠcourse	 ﾠ
manual	 ﾠ(Cold	 ﾠSpring	 ﾠHarbor,	 ﾠNY,	 ﾠCold	 ﾠSpring	 ﾠHarbor	 ﾠLaboratory	 ﾠPress).	 ﾠ	 ﾠ 182	 ﾠ
Seeber,	 ﾠA.,	 ﾠHauer,	 ﾠM.,	 ﾠand	 ﾠGasser,	 ﾠS.M.	 ﾠ(2013).	 ﾠNucleosome	 ﾠremodelers	 ﾠin	 ﾠdouble-ﾭ‐strand	 ﾠ
break	 ﾠrepair.	 ﾠCurr	 ﾠOpin	 ﾠGenet	 ﾠDev	 ﾠ23,	 ﾠ174-ﾭ‐184.	 ﾠ
Tsabar,	 ﾠM.,	 ﾠand	 ﾠHaber,	 ﾠJ.E.	 ﾠ(2013).	 ﾠChromatin	 ﾠmodifications	 ﾠand	 ﾠchromatin	 ﾠremodeling	 ﾠ
during	 ﾠDNA	 ﾠrepair	 ﾠin	 ﾠbudding	 ﾠyeast.	 ﾠCurr	 ﾠOpin	 ﾠGenet	 ﾠDev	 ﾠ23,	 ﾠ166-ﾭ‐173.	 ﾠ
Tsukuda,	 ﾠT.,	 ﾠTrujillo,	 ﾠK.M.,	 ﾠMartini,	 ﾠE.,	 ﾠand	 ﾠOsley,	 ﾠM.A.	 ﾠ(2009).	 ﾠAnalysis	 ﾠof	 ﾠchromatin	 ﾠ
remodeling	 ﾠduring	 ﾠformation	 ﾠof	 ﾠa	 ﾠDNA	 ﾠdouble-ﾭ‐strand	 ﾠbreak	 ﾠat	 ﾠthe	 ﾠyeast	 ﾠmating	 ﾠtype	 ﾠlocus.	 ﾠ
Methods	 ﾠ48,	 ﾠ40-ﾭ‐45.	 ﾠ
Zhou,	 ﾠZ.,	 ﾠand	 ﾠElledge,	 ﾠS.J.	 ﾠ(1993).	 ﾠDUN1	 ﾠencodes	 ﾠa	 ﾠprotein	 ﾠkinase	 ﾠthat	 ﾠcontrols	 ﾠthe	 ﾠDNA	 ﾠ









Genetic	 ﾠInteractions	 ﾠBetween	 ﾠDst1	 ﾠ(TFIIS)	 ﾠand	 ﾠSpt6	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ 184	 ﾠ
Attribution	 ﾠof	 ﾠExperiments	 ﾠin	 ﾠAppendix	 ﾠ2	 ﾠ
	 ﾠ
All	 ﾠyeast	 ﾠstrain	 ﾠconstruction	 ﾠand	 ﾠmutant	 ﾠanalyses	 ﾠwere	 ﾠpreformed	 ﾠby	 ﾠErin	 ﾠLoeliger.	 ﾠ	 ﾠThe	 ﾠ
construction	 ﾠof	 ﾠspt6-ﾭ14	 ﾠand	 ﾠspt6-ﾭ1004	 ﾠmutant	 ﾠstrains	 ﾠused	 ﾠin	 ﾠTable	 ﾠA2-ﾭ‐1	 ﾠand	 ﾠFigure	 ﾠA2-ﾭ‐1	 ﾠ
was	 ﾠdone	 ﾠby	 ﾠDonald	 ﾠPrather.	 ﾠ	 ﾠThe	 ﾠinformation	 ﾠin	 ﾠFigure	 ﾠA2-ﾭ‐2A	 ﾠwas	 ﾠprovided	 ﾠby	 ﾠMarie-ﾭ‐
Laure	 ﾠDiebold	 ﾠand	 ﾠChristophe	 ﾠRomier.	 ﾠ	 ﾠThe	 ﾠconstruction	 ﾠof	 ﾠmutant	 ﾠplasmids	 ﾠused	 ﾠin	 ﾠFigure	 ﾠ
A2-ﾭ‐2B	 ﾠwas	 ﾠdone	 ﾠby	 ﾠMarie-ﾭ‐Laure	 ﾠDiebold	 ﾠand	 ﾠChristophe	 ﾠRomier.	 ﾠ	 ﾠAll	 ﾠother	 ﾠexperiments	 ﾠ
and	 ﾠfigures	 ﾠwere	 ﾠcompleted	 ﾠby	 ﾠErin	 ﾠLoeliger.	 ﾠ	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Overview	 ﾠ
	 ﾠ
	 ﾠ This	 ﾠappendix	 ﾠsummarizes	 ﾠthe	 ﾠpreliminary	 ﾠevidence	 ﾠfor	 ﾠa	 ﾠgenetic	 ﾠinteraction	 ﾠ
between	 ﾠSpt6	 ﾠand	 ﾠDst1,	 ﾠthe	 ﾠS.	 ﾠcerevisiae	 ﾠhomologue	 ﾠof	 ﾠTFIIS.	 ﾠ	 ﾠA	 ﾠdeletion	 ﾠof	 ﾠthe	 ﾠgene	 ﾠ
encoding	 ﾠDst1	 ﾠ(dst1Δ)	 ﾠtogether	 ﾠwith	 ﾠspt6	 ﾠmutations	 ﾠcause	 ﾠa	 ﾠnumber	 ﾠof	 ﾠinteresting	 ﾠdouble	 ﾠ
mutant	 ﾠphenotypes.	 ﾠ	 ﾠIn	 ﾠfact,	 ﾠdst1Δ	 ﾠsuppresses	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠcaused	 ﾠby	 ﾠseveral	 ﾠspt6	 ﾠ
alleles.	 ﾠ	 ﾠOur	 ﾠcollaborators	 ﾠfound	 ﾠevidence	 ﾠfor	 ﾠa	 ﾠphysical	 ﾠinteraction	 ﾠbetween	 ﾠDst1	 ﾠand	 ﾠSpt6,	 ﾠ
and	 ﾠconstructed	 ﾠspt6	 ﾠmutations	 ﾠthat	 ﾠchange	 ﾠamino	 ﾠacids	 ﾠin	 ﾠthe	 ﾠsuspected	 ﾠDst1-ﾭ‐binding	 ﾠ
area	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThese	 ﾠmutants	 ﾠhave	 ﾠa	 ﾠvariety	 ﾠof	 ﾠphenotypes	 ﾠin	 ﾠyeast	 ﾠsuggesting	 ﾠthat	 ﾠthey	 ﾠare	 ﾠ




Dst1	 ﾠis	 ﾠthe	 ﾠyeast	 ﾠhomolog	 ﾠof	 ﾠthe	 ﾠgeneral	 ﾠtranscription	 ﾠelongation	 ﾠfactor	 ﾠTFIIS	 ﾠ
(Kipling	 ﾠand	 ﾠKearsey,	 ﾠ1993;	 ﾠKrogan	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠDespite	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠDst1	 ﾠin	 ﾠ
transcription,	 ﾠa	 ﾠdst1Δ	 ﾠstrain	 ﾠis	 ﾠstill	 ﾠviable	 ﾠand	 ﾠcauses	 ﾠ6-ﾭ‐azauracil	 ﾠsensitivity,	 ﾠconsistent	 ﾠwith	 ﾠ
a	 ﾠrole	 ﾠin	 ﾠtranscription	 ﾠelongation	 ﾠ(Kipling	 ﾠand	 ﾠKearsey,	 ﾠ1993;	 ﾠKrogan	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠMalagon	 ﾠ
et	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠThe	 ﾠkey	 ﾠfunction	 ﾠof	 ﾠDst1	 ﾠis	 ﾠto	 ﾠenable	 ﾠRNAPII	 ﾠto	 ﾠget	 ﾠpast	 ﾠelongation	 ﾠblocks	 ﾠby	 ﾠ
stimulating	 ﾠcleavage	 ﾠof	 ﾠnascent	 ﾠtranscripts	 ﾠstalled	 ﾠat	 ﾠtranscription	 ﾠarrest	 ﾠsites	 ﾠin	 ﾠorder	 ﾠto	 ﾠ
put	 ﾠthe	 ﾠmRNA	 ﾠ3'-ﾭ‐hydroxyl	 ﾠback	 ﾠin	 ﾠthe	 ﾠRNAPII	 ﾠactive	 ﾠsite	 ﾠ(Krogan	 ﾠet	 ﾠal.,	 ﾠ2002;	 ﾠMalagon	 ﾠet	 ﾠ
al.,	 ﾠ2004;	 ﾠPrather	 ﾠet	 ﾠal.,	 ﾠ2005b).	 ﾠ	 ﾠDst1	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbind	 ﾠRNAPII,	 ﾠand	 ﾠdst1	 ﾠmutations	 ﾠ
demonstrate	 ﾠgenetic	 ﾠinteractions	 ﾠwith	 ﾠgenes	 ﾠencoding	 ﾠa	 ﾠvariety	 ﾠof	 ﾠtranscription	 ﾠelongation	 ﾠ
factors	 ﾠincluding	 ﾠSpt5,	 ﾠSpt16,	 ﾠRpb1,	 ﾠRtf1,	 ﾠand	 ﾠCtk1	 ﾠ(Archambault	 ﾠet	 ﾠal.,	 ﾠ1998;	 ﾠArchambault	 ﾠ	 ﾠ 186	 ﾠ
et	 ﾠal.,	 ﾠ1992;	 ﾠCosta	 ﾠand	 ﾠArndt,	 ﾠ2000;	 ﾠDavie	 ﾠand	 ﾠKane,	 ﾠ2000;	 ﾠHartzog	 ﾠet	 ﾠal.,	 ﾠ1998;	 ﾠJona	 ﾠet	 ﾠal.,	 ﾠ
2001;	 ﾠLindstrom	 ﾠand	 ﾠHartzog,	 ﾠ2001;	 ﾠMalagon	 ﾠet	 ﾠal.,	 ﾠ2004;	 ﾠOrphanides	 ﾠet	 ﾠal.,	 ﾠ1999;	 ﾠPrather	 ﾠ
et	 ﾠal.,	 ﾠ2005a;	 ﾠPrather	 ﾠet	 ﾠal.,	 ﾠ2005b;	 ﾠWu	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠ	 ﾠ
	 ﾠ	 ﾠ Since	 ﾠboth	 ﾠSpt6	 ﾠand	 ﾠDst1	 ﾠare	 ﾠconserved	 ﾠtranscription	 ﾠelongation	 ﾠfactors,	 ﾠour	 ﾠ
collaborators	 ﾠwere	 ﾠcurious	 ﾠwhat	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠthem	 ﾠwas.	 ﾠ	 ﾠDst1	 ﾠalso	 ﾠhas	 ﾠa	 ﾠ
binding	 ﾠmotif	 ﾠvery	 ﾠsimilar	 ﾠto	 ﾠthat	 ﾠof	 ﾠSpn1,	 ﾠwhich	 ﾠis	 ﾠknown	 ﾠto	 ﾠbind	 ﾠSpt6,	 ﾠand	 ﾠsuggests	 ﾠthat	 ﾠ
Dst1	 ﾠmay	 ﾠhave	 ﾠa	 ﾠsimilar	 ﾠbinding	 ﾠaffinity	 ﾠfor	 ﾠSpt6	 ﾠ(M.L.	 ﾠDiebold	 ﾠand	 ﾠC.	 ﾠRomier,	 ﾠunpublished	 ﾠ
data).	 ﾠ	 ﾠOur	 ﾠcollaborators	 ﾠobserved	 ﾠthat	 ﾠyeast	 ﾠDst1	 ﾠwas	 ﾠable	 ﾠto	 ﾠbind	 ﾠthe	 ﾠSpt6	 ﾠN-ﾭ‐terminal	 ﾠ
domain,	 ﾠwhich	 ﾠsuggested	 ﾠa	 ﾠfunctional	 ﾠconnection	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠDst1	 ﾠ(M.L.	 ﾠDiebold	 ﾠand	 ﾠ
C.	 ﾠRomier,	 ﾠunpublished	 ﾠdata).	 ﾠ	 ﾠTo	 ﾠfollow	 ﾠup	 ﾠon	 ﾠthis	 ﾠquestion,	 ﾠI	 ﾠanalyzed	 ﾠspt6	 ﾠdst1Δ	 ﾠdouble	 ﾠ
mutants	 ﾠfor	 ﾠtheir	 ﾠphenotypes.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠour	 ﾠcollaborators	 ﾠidentified	 ﾠseveral	 ﾠconserved	 ﾠ
regions	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠN-ﾭ‐terminal	 ﾠdomain	 ﾠthat	 ﾠmight	 ﾠbe	 ﾠrequired	 ﾠfor	 ﾠDst1	 ﾠbinding	 ﾠand	 ﾠ
constructed	 ﾠplasmids	 ﾠcontaining	 ﾠdst1	 ﾠmutants	 ﾠwith	 ﾠalterations	 ﾠin	 ﾠthese	 ﾠregions.	 ﾠ	 ﾠI	 ﾠ
transformed	 ﾠthese	 ﾠmutant	 ﾠplasmids	 ﾠinto	 ﾠS.	 ﾠcerevisiae	 ﾠto	 ﾠexamine	 ﾠtheir	 ﾠfunctional	 ﾠ




First,	 ﾠI	 ﾠcreated	 ﾠa	 ﾠcollection	 ﾠof	 ﾠspt6	 ﾠdst1Δ	 ﾠdouble	 ﾠmutants	 ﾠwith	 ﾠdifferent	 ﾠspt6	 ﾠ
mutations,	 ﾠand	 ﾠscreened	 ﾠthe	 ﾠdouble	 ﾠmutants	 ﾠfor	 ﾠmutant	 ﾠphenotypes.	 ﾠ	 ﾠThe	 ﾠresults	 ﾠare	 ﾠ
summarized	 ﾠin	 ﾠTable	 ﾠA2-ﾭ‐1	 ﾠand	 ﾠFigure	 ﾠA2-ﾭ‐1.	 ﾠ	 ﾠOverall,	 ﾠthere	 ﾠare	 ﾠa	 ﾠnumber	 ﾠof	 ﾠgenetic	 ﾠ
interactions	 ﾠbetween	 ﾠdst1Δ	 ﾠand	 ﾠspt6	 ﾠmutants.	 ﾠ	 ﾠInterestingly,	 ﾠdst1Δ	 ﾠsuppresses	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠ




Table	 ﾠA2-ﾭ1:	 ﾠGenetic	 ﾠinteractions	 ﾠbetween	 ﾠdst1Δ	 ﾠand	 ﾠspt6	 ﾠmutants.	 ﾠ	 ﾠThe	 ﾠscoring	 ﾠof	 ﾠthe	 ﾠ
phenotypes	 ﾠfor	 ﾠeach	 ﾠdouble	 ﾠmutant	 ﾠand	 ﾠits	 ﾠrespective	 ﾠsingle	 ﾠmutant	 ﾠcontrols	 ﾠis	 ﾠshown.	 ﾠ	 ﾠThe	 ﾠ
yeast	 ﾠstrains	 ﾠanalyzed	 ﾠare	 ﾠlisted	 ﾠin	 ﾠthe	 ﾠfar	 ﾠleft	 ﾠcolumn.	 ﾠ	 ﾠThe	 ﾠspt6	 ﾠmutants	 ﾠused	 ﾠare	 ﾠ
described	 ﾠin	 ﾠFigure	 ﾠA2-ﾭ‐1B.	 ﾠ	 ﾠControls	 ﾠare	 ﾠhighlighted	 ﾠin	 ﾠyellow	 ﾠwhile	 ﾠthe	 ﾠdouble	 ﾠmutants	 ﾠare	 ﾠ
highlighted	 ﾠin	 ﾠpurple.	 ﾠ	 ﾠFor	 ﾠstrains	 ﾠin	 ﾠthe	 ﾠupper	 ﾠtable,	 ﾠspt6	 ﾠmutants	 ﾠwere	 ﾠput	 ﾠinto	 ﾠS.	 ﾠ
cerevisiae	 ﾠon	 ﾠa	 ﾠCEN	 ﾠplasmid.	 ﾠ	 ﾠFor	 ﾠstrains	 ﾠin	 ﾠthe	 ﾠlower	 ﾠtable,	 ﾠthe	 ﾠspt6	 ﾠmutants	 ﾠwere	 ﾠ
integrated	 ﾠinto	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠgenomic	 ﾠSPT6	 ﾠlocus.	 ﾠ	 ﾠEach	 ﾠphenotype	 ﾠwas	 ﾠgiven	 ﾠa	 ﾠnumerical	 ﾠ
score	 ﾠof	 ﾠ0	 ﾠthough	 ﾠ5	 ﾠ(0	 ﾠbeing	 ﾠno	 ﾠgrowth	 ﾠand	 ﾠ5	 ﾠbeing	 ﾠmaximum	 ﾠgrowth).	 ﾠ	 ﾠGenetic	 ﾠ
interactions	 ﾠare	 ﾠhighlighted	 ﾠin	 ﾠred.	 ﾠ	 ﾠThe	 ﾠ“Lys”	 ﾠcolumn	 ﾠindicates	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠ(able	 ﾠto	 ﾠ
grow	 ﾠon	 ﾠmedium	 ﾠlacking	 ﾠlysine	 ﾠ(SC-ﾭ‐Lys)	 ﾠdespite	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠlys2-ﾭ128δ	 ﾠTy	 ﾠLTR	 ﾠ
insertion	 ﾠallele).	 ﾠ	 ﾠThe	 ﾠmedia	 ﾠconditions	 ﾠtested	 ﾠare	 ﾠlisted	 ﾠat	 ﾠthe	 ﾠtop	 ﾠof	 ﾠthe	 ﾠtable.	 ﾠ	 ﾠPhenotype	 ﾠ
scores	 ﾠare	 ﾠlisted	 ﾠfor	 ﾠday	 ﾠ3	 ﾠfor	 ﾠall	 ﾠphenotypes	 ﾠexcept	 ﾠthose	 ﾠmarked	 ﾠat	 ﾠthe	 ﾠbottom	 ﾠby	 ﾠan	 ﾠ
asterisk	 ﾠ(*),	 ﾠwhich	 ﾠwere	 ﾠscored	 ﾠon	 ﾠday	 ﾠ2.	 ﾠ	 ﾠDetails	 ﾠregarding	 ﾠmedia	 ﾠconditions	 ﾠused	 ﾠcan	 ﾠbe	 ﾠ
found	 ﾠin	 ﾠHampsey	 ﾠet	 ﾠal.,	 ﾠ1997	 ﾠand	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐4	 ﾠin	 ﾠChapter	 ﾠ2.	 ﾠ(Abbreviations:	 ﾠWT,	 ﾠwild-ﾭ‐type;	 ﾠ
Lys,	 ﾠSC-ﾭ‐Lys;	 ﾠMPA,	 ﾠMycophenolic	 ﾠacid;	 ﾠHU,	 ﾠHydroxyurea;	 ﾠPhleo,	 ﾠPhleomycin;	 ﾠMMS,	 ﾠMethyl	 ﾠ
methanesulfonate;	 ﾠCaf,	 ﾠCaffeine;	 ﾠCan,	 ﾠCanavinine;	 ﾠDia,	 ﾠDiamide)	 ﾠ
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 ﾠinteractions	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Figure	 ﾠA2-ﾭ1:	 ﾠGenetic	 ﾠinteractions	 ﾠbetween	 ﾠdst1Δ	 ﾠand	 ﾠspt6	 ﾠmutants.	 ﾠ	 ﾠA.	 ﾠExample	 ﾠof	 ﾠspt6	 ﾠ
dst1Δ	 ﾠspot	 ﾠtests.	 ﾠ	 ﾠB.	 ﾠSummary	 ﾠof	 ﾠall	 ﾠconditions	 ﾠunder	 ﾠwhich	 ﾠa	 ﾠgenetic	 ﾠinteraction	 ﾠwas	 ﾠ
observed	 ﾠbetween	 ﾠdst1Δ	 ﾠand	 ﾠan	 ﾠspt6	 ﾠmutant.	 ﾠ	 ﾠFor	 ﾠmore	 ﾠdetails,	 ﾠsee	 ﾠTable	 ﾠA2-ﾭ‐1.	 ﾠ	 ﾠThe	 ﾠspt6-ﾭY	 ﾠ
dst1Δ	 ﾠmutant	 ﾠcould	 ﾠnot	 ﾠbe	 ﾠgenerated	 ﾠfor	 ﾠunknown	 ﾠtechnical	 ﾠreasons	 ﾠand	 ﾠwas	 ﾠnot	 ﾠtested.	 ﾠ
(Abbreviations:	 ﾠMPA,	 ﾠMycophenolic	 ﾠacid;	 ﾠHU,	 ﾠHydroxyurea;	 ﾠMMS,	 ﾠMethyl	 ﾠ
methanesulfonate)	 ﾠ	 ﾠ 190	 ﾠ
mutants.	 ﾠ	 ﾠThis	 ﾠconfirmed	 ﾠour	 ﾠsuspicions	 ﾠof	 ﾠa	 ﾠsignificant	 ﾠgenetic	 ﾠinteraction	 ﾠbetween	 ﾠSpt6	 ﾠ
and	 ﾠDst1.	 ﾠ
Lastly,	 ﾠI	 ﾠanalyzed	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠputative	 ﾠDst1-ﾭ‐binding	 ﾠsite	 ﾠof	 ﾠSpt6	 ﾠ(Figure	 ﾠA2-ﾭ‐2A).	 ﾠ	 ﾠ
These	 ﾠmutations	 ﾠaffect	 ﾠsome	 ﾠbut	 ﾠnot	 ﾠall	 ﾠof	 ﾠSpt6	 ﾠfunctions	 ﾠ(Figure	 ﾠA2-ﾭ‐2B).	 ﾠ	 ﾠThe	 ﾠspt6-ﾭIF1	 ﾠand	 ﾠ
spt6-ﾭIF2	 ﾠmutants,	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠspt6-ﾭIF	 ﾠmutant	 ﾠfrom	 ﾠChapter	 ﾠ2	 ﾠ(a.k.a.	 ﾠspt6-ﾭIF5)	 ﾠappear	 ﾠto	 ﾠ
have	 ﾠthe	 ﾠgreatest	 ﾠeffect	 ﾠof	 ﾠall	 ﾠof	 ﾠthese	 ﾠmutations,	 ﾠcausing	 ﾠan	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠand	 ﾠcryptic	 ﾠ
initiation	 ﾠ(in	 ﾠthe	 ﾠcase	 ﾠof	 ﾠspt6-ﾭIF1	 ﾠand	 ﾠspt6-ﾭIF5),	 ﾠand	 ﾠan	 ﾠSpt-ﾭ‐	 ﾠphenotype,	 ﾠcryptic	 ﾠinitiation,	 ﾠ
and	 ﾠhydroxyurea	 ﾠsensitivity	 ﾠ(in	 ﾠthe	 ﾠcase	 ﾠof	 ﾠspt6-ﾭIF2).	 ﾠ	 ﾠAltogether,	 ﾠthese	 ﾠphenotypes	 ﾠsuggest	 ﾠ




	 ﾠ In	 ﾠconclusion,	 ﾠI	 ﾠobserved	 ﾠmany	 ﾠgenetic	 ﾠinteractions	 ﾠbetween	 ﾠSpt6	 ﾠand	 ﾠDst1,	 ﾠ
including	 ﾠthe	 ﾠability	 ﾠof	 ﾠdst1Δ	 ﾠto	 ﾠsuppress	 ﾠthe	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠof	 ﾠsome	 ﾠbut	 ﾠnot	 ﾠall	 ﾠspt6	 ﾠ
mutants.	 ﾠ	 ﾠThis	 ﾠis	 ﾠthe	 ﾠfirst	 ﾠsuppressor	 ﾠof	 ﾠthe	 ﾠSpt6	 ﾠSpt-ﾭ‐	 ﾠphenotype	 ﾠidentified	 ﾠto	 ﾠmy	 ﾠ
knowledge,	 ﾠdespite	 ﾠnumerous	 ﾠmutant	 ﾠhunt	 ﾠattempts	 ﾠto	 ﾠfind	 ﾠone.	 ﾠ
Interestingly,	 ﾠone	 ﾠof	 ﾠthe	 ﾠDst1	 ﾠpotential	 ﾠbinding	 ﾠsites	 ﾠ(the	 ﾠregion	 ﾠmutated	 ﾠin	 ﾠspt6-ﾭIF	 ﾠ
(a.k.a.	 ﾠspt6-ﾭIF5))	 ﾠoverlaps	 ﾠwith	 ﾠthe	 ﾠbinding	 ﾠsite	 ﾠof	 ﾠSpn1	 ﾠand	 ﾠnucleosomes	 ﾠin	 ﾠthe	 ﾠN-ﾭ‐terminus	 ﾠ
of	 ﾠSpt6	 ﾠ(Diebold	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠMcDonald	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠDst1	 ﾠbinding	 ﾠto	 ﾠ
Spt6	 ﾠcould	 ﾠpotentially	 ﾠinterfere	 ﾠwith	 ﾠSpt6	 ﾠbinding	 ﾠto	 ﾠSpn1	 ﾠand	 ﾠnucleosomes.	 ﾠ	 ﾠHowever	 ﾠthe	 ﾠ











Figure	 ﾠA2-ﾭ2:	 ﾠSummary	 ﾠof	 ﾠphenotypes	 ﾠof	 ﾠspt6	 ﾠmutants	 ﾠwith	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠputative	 ﾠ
Dst1-ﾭbinding	 ﾠsite.	 ﾠ	 ﾠA.	 ﾠDiagram	 ﾠof	 ﾠputative	 ﾠDst1	 ﾠbinding	 ﾠsites	 ﾠon	 ﾠa	 ﾠsequence	 ﾠalignment	 ﾠof	 ﾠ
the	 ﾠN-ﾭ‐terminal	 ﾠdomain	 ﾠof	 ﾠSpt6.	 ﾠ	 ﾠThe	 ﾠred	 ﾠcircles	 ﾠindicate	 ﾠresidues	 ﾠthat	 ﾠhave	 ﾠbeen	 ﾠchanged	 ﾠto	 ﾠ
alanines	 ﾠin	 ﾠeach	 ﾠmutant.	 ﾠ	 ﾠB.	 ﾠPhenotypes	 ﾠof	 ﾠthe	 ﾠindicated	 ﾠmutants	 ﾠwhen	 ﾠput	 ﾠinto	 ﾠS.	 ﾠcerevisiae	 ﾠ
on	 ﾠa	 ﾠCEN	 ﾠplasmid.	 ﾠ(M.L.	 ﾠDiebold	 ﾠand	 ﾠC.	 ﾠRomier,	 ﾠunpublished	 ﾠdata)	 ﾠ
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